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BREMER COUNTY SOILS
By W. H. Stevenson, P. E. Brown, and F. B. Howe
What soils need to make them highly productive and to keep them so, and 
how their needs may be supplied are problems which are met constantly on the 
farm to-day.
To enable every Iowa farmer to solve these problems for his local condi­
tions, a complete survey and study of the soils of the state has been undertaken, 
the results of which will be published in a series of county reports. This work 
includes a detailed survey of the soils of each county, following which all the 
soil types, streams, roads, railroads, etc., are accurately located on a soil map. 
This portion of the work is being carried out in co-operation with the Bureau of 
Soils of the United States Department of Agriculture.*
Samples of the soils are taken and examined mechanically and chemically 
to determine their character and composition and to learn their needs. Pot 
experiments with these samples are conducted in the greenhouse to ascertain 
the value of the use of manure, fertilizers, lime and other materials on the 
various soils. These pot tests are followed in many cases by field experiments 
to check the results secured in the greenhouse. The meagerness of the funds 
available for such work has limited the extent of these field studies and tests 
have not been possible in each county surveyed. Fairly complete results have 
been secured, however, on the main soil types in the large soil areas.
Following the survey, systems of soil management which should be adopted 
in the various counties and on the different soils are Worked out, old methods 
of treatment are emphasized as necessary or their discontinuance advised, and 
new methods of proven value are suggested. The published reports as a whole 
will outline the methods which the farmers of the state miust employ if they 
wish to maintain the fertility of their soils and insure the best crop production.
The various counties of the state will be surveyed as rapidly as funds will 
permit, the number included each year being determined entirely by the size 
of the appropriation available for the work. The order in which individual 
counties will be chosen depends very largely upon the interest and demand in 
the county for the work. Petitions signed by the residents, and especially by 
the farmers or farmers’ organizations o f the county, should be submitted to 
indicate the sentiment favorable to the undertaking. Such petitions are filed 
in the order of their receipt and aid materially in the annual selection of 
counties.
The reports giving complete results of the surveys and soil studies in the 
various counties will be published in a special series of bulletins, as rapidly as 
the work is completed. Some general informjation regarding the principles of 
permanent soil fertility and the character, needs and treatment of Iowa soils,
♦See Soil Survey o f Bremer County, Iowa, by Mark Baldwin and E. B. W atson of the U. S. Dept, 
of Agriculture and P. B. Howe of the Iowa Agricultural Experiment Station.
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gathered from various published and unpublished data accumulated in less 
specific experimental work will be included in or appended to all the reports.
PLANT FOOD IN SOILS
Fifteen different chemical elements are essential for plant food, but many 
of these occur so extensively in soils and are used in such small quantities that 
there is practically no danger of their ever running out. Such, for example, 
is the case with iron and aluminum, past experience showing that the amount 
of these elements in the soil remains practically constant.
Furthermore, there can never be a shortage in the elements which come 
primarily from the air, such as carbon and oxygen, for the supply of these in 
the atmosphere is practically inexhaustible. The same is true of nitrogen, 
which is now known to be taken directly from the atmosphere by well-inocu­
lated legumes and by certain microscopic organisms. Hence, altho many crops 
are unable to secure nitrogen from the air and are forced to draw on the soil 
supply, it is possible by the proper and frequent growing of well-inoculated 
legumes and their use as green manures, to store up sufficient of this element 
to supply all the needs of succeeding non-legumes.
Knowledge of the nitrogen content of soils is important in showing 
whether sufficient green manure or barnyard manure has been applied to the 
soil. Commercial nitrogenous fertilizers are now known to be unnecessary 
where the soil is not abnormal, and green manures may be used in practically 
all cases. Where a crop must be “ forced,”  as in market gardening, some 
nitrogenous fertilizer may be of value.
THE “SOIL DERIVED” ELEMENTS
Phosphorus, potassium, calcium and sulfur, known as “ soil-derived”  ele­
ments, may frequently be lacking in soils, and then a fertilizing material carry­
ing the necessary element must be used. Phosphorus is the element most likely 
to be deficient in all soils. This is especially true in Iowa soils. Potassium 
frequently is lacking in peats and swampy soils, but normal soils in Iowa and 
elsewhere are usually well supplied with this element. Calcium may be low in 
soils which have borne a heavy growth of a legume, especially alfalfa, but a 
shortage in this element is very unlikely. It seems possible from recent tests 
that sulfur may be lacking in many soils, for applications of sulfur fertilizers 
have proven of value in some cases. However, little is known as yet regarding 
the relation of this element to soil fertility. If later studies show its impor­
tance for plant growth and its deficiency in soils, sulfur fertilizers may come 
to be considered of much value.
If the amounts of any of these soil-derived elements in soils are very low, 
they need to be supplied thru fertilizers. If considerable amounts are present, 
fertilizers containing them are unnecessary. In such cases if the mechanical 
and humus conditions in the soil are at the best, crops will be able to secure 
sufficient food from the store in the soil. For example, if potassium is abundant, 
there is no need of applying a potassium fertilizer; if phosphorus is deficient, a 
phosphate should be applied. If calcium is low in the soil, it is evident that the 
soil is acid and lime should be applied, not only to remedy the scarcity of 
calcium, but also to remedy the injurious acid conditions.
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AVAILABLE AND UNAVAILABLE PLANT FOOD
Frequently a soil analysis shows the presence of such an abundance of the 
essential plant foods that the conclusion might be drawn that crops should be 
properly supplied for an indefinite period. However, application of a fertilizer 
containing one of the elements present in such large quantities in the soil may 
bring about an appreciable and even profitable increase in crops.
The explanation of this peculiar state of affairs lies in the fact that all the 
plant food shown by analysis to be present in soils is not in a usable form ; it 
is said to be unavailable. Plants cannot take up food unless it is in solution; 
hence available plant food is that which is in solution. Analyses show not only 
this soluble or available portion but also the very much larger insoluble or 
unavailable part. The total amount of plant food in the soil may, therefore, be 
abundant for numerous crops, but if it is not made available rapidly enough, 
plants will suffer for proper food.
Bacteria and molds are the agents which bring about the change of in­
soluble, unavailable material into an available form. If conditions in the soil 
are satisfactory for their vigorous growth and sufficient total plant food is 
present, these organisms will bring about the- production of enough soluble 
material to support good crop growth. The soil conditions necessary for the 
best growth and action of bacteria and molds are the same as those which are 
required by plants. The methods necessary to maintain permanent soil fer­
tility will, therefore, insure satisfactory action of these organisms and the suffi­
cient production of available plant food. The nitrogen left in the soil in plant 
and animal remains is entirely useless to plants and must be changed to be avail­
able. Bacteria bring about this change and they are all active in normal soils 
which are being properly handled.
Phosphorus is found in soil mainly in the mineral known as apatite and in 
other insoluble substances. Potassium occurs chiefly in the insoluble feldspars. 
Therefore, both of these elements, as they normally occur in soils, are unavail­
able. However, the growth of bacteria and molds in the soil brings about a 
production of carbon dioxide and organic acids which act on the insoluble 
phosphates and potassium compounds and make them available for plant food.
Calcium occurs in the soil mainly in an unavailable form, but the com­
pounds containing it are attacked by the soil water carrying the carbon dioxide 
produced by bacteria and molds and as a result a soluble compound is formed. 
The losses of lime from soils are largely the result of the leaching of this soluble 
compound.
Sulfur, like nitrogen, is present in soils chiefly in plant and animal re­
mains in which form it is useless to plants. As these materials decompose, how­
ever, so-called sulfur bacteria appear and bring about the formation of soluble 
and available sulfates.
The importance of bacterial action in making the store of plant food in the 
soil available is apparent. With proper physical and chemical soil conditions, 
all the necessary groups of bacteria mentioned become active and a vigorous 
production of soluble nitrogen, phosphorus, potassium, calcium and sulfur re­
sults. If crops are to be properly nourished care should always be taken that 
the soil be in the best condition for the growth of bacteria.
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TABLE I. PLANT FOOD IN CROPS AND VALUE
Calculating Nitrogen (N) at 16$ (Sodium Nitrate (NaNOg)), Phosphorus (P) at 
12$ (Acid Phosphate), and Potassium (K) a t '6$ (Potassium Chloride (KC1) ).
Crop ■ Yield
Plant Food, Lbs. Value of Plant Food TotalValue
of
Plant
Food
Nitro­
gen
■Phos­
phorus
Potas­
sium
Nitro­
gen
Phos­
phorus
Potas­
sium
Corn, grain................ 75 bu. 75 12.75 14. $12.00 $1.53 $0.84 $14.37
Corn, stover ..... i......... 2.25 T. 36 4.5 39. 5.76 0.54 2.34 8.64
Corn crop .................... 111 17.25 53. 17.76 2.07 3.18 23.01
Wheat, grain .............. 30 bu. 42.6 7.2 7.8 6.81 0.86 0.46 8.13
Wheat, straw .............. 1.5 T. 15. 2.4 27 2.40 0.28 1.62 4.30
Wheat, crop ................ 57.6 9.6 34.8 9.21 1.14 2.08 12.43
Oats, grain .................. 50 bu. 33 5.5 8 5.28 0.66 0.48 6.42
Oats, straw ................ 1.25 T. 15.5 2.5 26 2.48 0.30 1.56 8.28
48.5 8 34 7.76 0.96 2.04 14.70
Barley grain................ 30 bu. 23 5 5.5 3.68 0.60 0.33 4.61
Barley straw ..............
Barley crop..................
0.75 T. 9.5
32.5
1
6
13
18.5
1.52
5.20
0.12
0.72
0.78
1.11
2.42
7.03
Rye grain .................... 30 bu. 29.4 6 7.8 4.70 0.72 0.46 5.88
Rye straw .................... 1.5 T. 12 3 21 1.92 0.36 1.26 3.54
Rye crop ................... 41.4 9 28.8 6.62 1.08 1.72 9.42
Potatoes ...................... 300 bu. 63. 12.7 90 10.08 1.52 5.40 17.00
Alfalfa hay.................. 6 T. . 300 27 144 48.00 3.24 8.64 59.88
Timothy hay................ 3 T. 72 9 67.5 11.52 1.08 3.95 16.55
Clover hay.................... 3 T. 120 15 90 19.20 1.80 5.40 16.40
REMOVAL OF PLANT FOOD BY CROPS
The decrease of plant food in the soil is the direct result of removal by 
crops, although there is often some loss by leaching also. A study of the 
amounts of nitrogen, phosphorus, and potassium removed by some of the com­
mon farm crops will show how rapidly these elements are used up under average 
farming conditions.
The amounts of these elements in various farm crops are given in table I. 
The amount of calcium and sulfur in the crops is not included as it is only 
recently that the removal of these elements has been considered important 
enough to warrant analyses.
The figures in the table show also the value of the three elements con­
tained in the different crops, calculated from the market value of fertilizers 
containing them. Thus the value of nitrogen is figured at 16 cents per pound, 
the cost of the element in nitrate of soda ; phosphorus at 12 cents, the cost in 
acid phosphate, and potassium at 6 cents, the cost in muriate of potash.
It is evident from the table that the continuous grpwing of any common 
farm crop without returning these three important elements will lead finally to 
a shortage of plant food in the soil. The nitrogen supply is drawn on the most 
heavily by all the crops, but in the ease of alfalfa and clover only a small part 
should be taken from the soil. If these legumes are inoculated as they should 
he, they will take most of their nitrogen from the atmosphere. The figures are 
therefore entirely too high for the nitrogen taken from the soil by these two 
crops, but the loss of nitrogen from the soil by removal in non-leguminous crops 
is considerable. The phosphorus and potassium in the soil are also rapidly 
reduced by the growth of ordinary crops. While the nitrogen supply may be 
kept up by the use of leguminous green manure crops, phosphorus and potas­
sium must be supplied by the use of expensive commercial fertilizers.
The cash value of the plant food removed from soils by the growth and
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sale of various crops is considerable. Even where the grain alone is sold and 
the crop residues are returned to the soil there is a large loss of fertility, and if 
the entire crop is removed and no return made,the loss is almost doubled. It 
is evident, therefore, that in calculating the actual income from the sale of 
farm crops, the value of the plant food removed from the soil should be sub­
tracted from the proceeds, at least in the case of constituents which must be 
replaced at the present time.
Of course, if the crops, produced are fed on the farm and the manure is 
carefully preserved and used, a large part of the valuable matter in the crops 
will be returned to the soil. This is the case in livestock and dairy farming 
where the products sold contain only a portion of the valuable elements of 
plant food removed from the soil. In grain farming, however, green manure 
crops and commercial fertilizers must be depended upon to supply plant food 
deficiencies in the soil. It should be mentioned that the proper use of crop 
residues in this latter system of farming reduces considerably the loss of plant 
food.
REMOVAL FROM IOWA SOILS
It has been conservatively estimated that the plant food taken from Iowa 
soils and shipped out of the state in grain amounts to about $30,000,000 an­
nually. This calculation is based on the estimate of the secretary of the 
Western Grain Dealers’ association that 20 per cent of the corn and 35 to 40 
per cent of the oats produced in the state is shipped off the farms.
This loss of fertility is unevenly distributed over the state, varying as 
farmers do more or less livestock and dairy" farming or grapi farming. In 
grain farming, where no manure is produced and the entire grain crop is sold, 
the soil may very quickly become deficient in certain necessary plant foods. 
Eventually, however, all soils are depleted in essential food materials, whatever 
system of farining is followed.
This loss of fertility is great enough to demand serious attention. Careful 
consideration should certainly be given to all means of maintaining the soils 
of the state in a permanently fertile condition.
PERMANENT FERTILITY IN IOWA SOILS
The preliminary study of Iowa soils, already reported,* revealed the fact 
that there is not an inexhaustible supply of nitrogen, phosphorus and potas­
sium in the soils of the state. Potassium was found in much larger amounts 
than the other two elements, and it was concluded, therefore, that attention 
should be centered at the present time on nitrogen and phosphorus. In spite 
of the fact that Iowa soils are still comparatively fertile and crops are still large, 
there is abundant evidence at hand to prove that the best possible yields of 
certain crops are not being obtained in many cases because of the lack of neces­
sary plant foods or because of the lack of proper conditions in the soil for the 
growth of plants and the production, by bacteria, of available plant food.
Proper systems of farming will insure the production of satisfactory crops 
and the mlaintenance of permanent fertility and the adoption of such systems
♦Bulletin 150 Iowa Agricultural Experiment Station.
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should not be delayed until crop yields are much lower, for then it will involve 
a long, tedious and very expensive fight to bring the soil back to a fertile con­
dition. If proper methods are put into operation while comparatively large 
amounts of certain plant foods are still present in the soil, it is relatively easy 
to keep them abundant and attention may be centered on those other elements 
which are likely to be limiting factors in crop production.
Soils may be kept permanently fertile by adopting certain practices which 
will be summarized here.
CULTIVATION AND DRAINAGE
Cultivation .and drainage are two of the most important farm operations 
in keeping the soil in a favorable condition for crop production, largely because 
they help to control the moisture in the soil.
The moisture in soils is one of the most important factors governing crop 
production. If the soil is too dry, plants suffer for a lack of the water neces­
sary to bring them their food and also for a lack of available plant food. Bac­
terial activities are so restricted in dry soils that the production of available 
plant food practically ceases. If too much moisture is present, plants likewise 
refuse to grow properly because of the exclusion of air from the soil and the 
absence of available food. Decay is checked in the absence of air, all beneficial 
bacterial action is limited and humus, or organic matter, containing plant food 
constituents in an unavailable form, accumulates. The infertility of low-lying, 
swampy soils is a good illustration of the action of excessive moisture in re­
stricting plant, growth by stopping aeration and limiting beneficial decay 
processes.
While the amount of moisture in the soil depends very largely on the rain­
fall, any excess of water may be removed from the soil by drainage and the 
amount of water present in the soil may be conserved during periods of 
drought by thoro cultivation or the maintaining of a good mulch. The need 
for drainage is determined partly by the nature of the soil, but more particu­
larly by the subsoil. If the subsoil is a heavy, tight clay, a surface clay loam 
will be rather readily affected by excessive rainfall. On the other hand, if the 
surface soil is sandy, a heavy subsoil will be of advantage in preventing the 
rapid drying out of the soil and also in checking losses of valuable matter by 
leaching.
Many acres of land in the Wisconsin drift area in Iowa have been re­
claimed and made fertile thru proper drainage, and one of the most important 
farming operations is the laying of drains to insure the removal o f excessive 
moisture in heavy soils.
The loss of moisture by evaporation from soils during periods of drought 
may be checked to a considerable extent if the soil is cultivated and a good mulch 
is maintained. Many pounds of valuable water are thus held in the soil and a 
satisfactory crop growth secured when otherwise a failure would occur. Other 
methods of soil treatment, such as liming, green manuring and the application 
of farm manures, are also important in increasing the water-holding power of 
light soils.
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THE ROTATION OF CROPS
Experience has shown many times that the continuous growth of one 
crop takes the fertility out of a soil much more rapidly than a rotation of 
crops. One of the most important farm practices, therefore, from the stand­
point of soil fertility, is the rotation of crops on a basis suited to the soil, cli­
matic, farm and market conditions. The choice of crops is so large that no 
difficulty should be experienced in selecting those suitable for all conditions.
Probably the chief reason why the rotation of crops is beneficial may be 
found in the fact that different crops require different amount of the various 
plant foods in the soil. One particular crop will remove a large amount of one 
element and the next crop, if it be the same kind, will suffer for a lack of that 
element. If some other crop, which does not draw as heavily on that particular 
plant food, is rotated with the former crop, a balance in available plant food 
is reached.
Where a cultivated crop is grown continuously, there is a much greater 
loss of organic matter or humus in the soil than under a rotation. This fact 
suggests a second explanation for the beneficial effects of crop rotations. With 
cultivation, bacterial action is much increased and the humus in the soil may be 
decomposed too rapidly and the soil injured by the removal of the valuable 
material. Then the production of available plant food in the soil will be 
hindered or stopped and crops may suffer. The use of legumes in rotations is 
of particular value since when they are well inoculated and turned under they 
not only supply organic matter to the soil, but they also increase the nitrogen 
content.
There is a third explanation of the value of rotations. It is claimed that 
crops in their growth produce certain substances called “ toxic”  which are in­
jurious to the same crop, but have no effect on certain other crops. In a proper 
rotation the time between two different crops of the same plant is long enough 
to allow the “ toxic”  substance to be disposed of in the soil or made harmless. 
This theory has not been commonly accepted, chiefly because of the lack /of 
confirmatory evidence. It seems extremely doubtful if the amounts of these 
‘ ‘ toxic ’ ’ substances could be large enough to bring about the effects evidenced 
in continuous cropping.
But, whatever the reason for the bad effects of continuous cropping, it is 
evident that for all good systems of farming some definite rotation should be 
adopted, and that rotation should contain a legume, because of the value of 
such crops to the soil. In no other way can the humus and nitrogen content 
of soils be kept up so cheaply and satisfactorily as by the use of legumes, either 
as regular or 1 ‘ catch ’ ’ crops in the rotation.
MANURING
There must always be enough humus, or organic matter, and nitrogen in 
the soil if satisfactory crops are to be secured. Humus not only keeps the soil 
in the best physical condition for crop growth, but it supplies a considerable 
portion of nitrogen. An abundance of humus may always be considered a 
reliable indication of the presence of much nitrogen. This nitrogen does not 
occur in a form available for plants, but with proper physical conditions in the
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soil, the nonusable nitrogen in the animal and vegetable matter which makes 
up the humus, is made usable by numerous bacteria and changed into soluble 
and available nitrates.
The humus, or organic matter, also encourages the activities of many other 
bacteria which produce carbon dioxide and various acids which dissolve and 
make available the insoluble phosphorus and potassium in the soil.
Three materials may be used to supply the organic matter and nitrogen of 
soils. These are farm manure, crop residues and green manure, the first two 
being much more common.
Farm manure is- composed of the solid and liquid excreta of animals, litter, 
unconsumed food and other waste materials, and supplies an abundance of 
organic matter, much nitrogen and millions of valuable bacteria. It contains, 
in short, a portion of the plant food present in the crops originally removed 
from the soil and in addition the bacteria necessary to prepare this food for 
plant use. If it were possible to apply large enough amounts of farm manure, 
no other material would be necessary to keep the soil in the best physical condi­
tion, insure efficient bacterial action and keep up the plant food supply. But 
manure cannot serve the soil thus efficiently, for even under the very best 
methods of treatment and storage, 15 per cent of its valuable constituents, 
mainly nitrogen, are lost. Furthermore, only in a very few instances is enough 
produced on a farm to supply its needs. On practically all soils, therefore, some 
other material must be applied with the manure to maintain fertility.
Crop residues, consisting of straw, stover, roots and stubble, are important 
in keeping up the humus, or organic matter content of soils. Table I shows 
that a considerable portion of the plant food removed by crops is contained in 
the straw and stover. On all farms, therefore, and especially on grain farms, 
the crop residues should be returned to the soil to reduce the losses of plant 
food and also to aid in maintaining the humus content. These materials alone 
are, of course, insufficient and farm manure must be used when possible, and 
green manures also.
Green manuring should be followed to supplement the use of farm manures 
and crop residues. In grain farming, where little or no manure is produced, 
the turning under of leguminous crops for green manures must be relied upon 
as the best means of adding humus and nitrogen to the soil, but in all other 
systems of farming also it has an important place. A large number of legumes 
will serve as green manure crops and it is possible to introduce some sueh crop 
into almost any rotation without interfering with the regular crop. It is this pe­
culiarity of legumes, together with their ability to use the nitrogen of the 
atmosphere when well inoculated, and thus increase the nitrogen content of 
the soil, which gives them their great value as green manure crops.
It is essential that the legumes used be well inoculated. ' Their ability to 
use the atmospheric nitrogen depends on that. Inoculation may be accom­
plished by the use of soil from a field where the legume has previously been 
successfully grown and well inoculated, or by the use of inoculating material 
that may be purchased. If the legume has never been grown on the soil before, 
or has been grown without inoculation, then inoculation should be practiced by 
one of these methods.
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By using all the crop residues, all the manure produced on the farm, and 
giving well inoculated legumes a place in the rotation for green manure crops, 
no artificial means of maintaining the humus and nitrogen content of soils need 
be resorted to.
THE USE OF PHOSPHORUS
Iowa soils are not abundantly supplied with phosphorus. Moreover, it is 
impossible by the use of manures, green manures, crop residues, straw, stover, 
etc., to return to the soil the entire amount of that element removed by crops. 
Crop residues, stover and straw merely return a portion of the phosphorus re­
moved, and while their use is important in checking the loss of the element, they 
cannot stop it. Green manuring adds no phosphorus that was not used in the 
growth of the green manure crop. Farm manure returns part of the phos­
phorus removed by crops which are fed on the farm, but not all of it. While, 
therefore, immediate scarcity of phosphorus in Iowa soils cannot be positively 
shown, analyses and results of experiments show that in the more or less dis­
tant future, phosphorus must be applied or crops will suffer for a lack of this 
element. Furthermore, there are indications that its use at present would prove 
profitable in some instances.
Phosphorus may be applied to soils in three commercial forms, bone meal, 
acid phosphate and rock phosphate. Bone meal cannot be used generally, be­
cause of its extremely limited production, so the choice rests between rock 
phosphate and acid phosphate. Experiments are now under way to show which 
is more economical for all farmers in the state. Many tests must be conducted 
on a large variety of soil types, under widely differing conditions, and thru a 
rather long period of years. It is at present impossible to make these experi­
ments as complete as desirable, owing to small appropriations for such work, 
but the results secured from the tests now in progress will be published from 
time to time in the different county reports.
Until such definite advice can be given for individual soil types, it is urged 
that farmers who are interested make comparisons of the rock phosphate and 
acid phosphate on their own farms. In this way they can determine at first 
hand the relative value of the two materials. Information and suggestions re­
garding the carrying out of such tests may be secured upon application to the 
Soils Section.
LIMING
Practically all crops grow better on a soil which contains lime, or in other 
words, on one which is not acid. As soils become acid, crops grow smaller, 
bacterial activities are reduced and the soil becomes infertile. Crops are dif­
ferently affected by acidity in the soil; some refuse to grow at all; others grow 
but poorly. Only in a very few instances can a satisfactory crop be secured in 
the absence of lime. Therefore, the addition of lime to soils in which it is lack­
ing is an important principle in permanent soil fertility. All soils gradually 
become acid because of the losses of lime and other basic materials thru leach­
ing and the production of acids in the decomposition processes constantly oc­
curring in soils. Iowa soils are no exception to the general rule, as was shown
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by the tests of many representative soils reported in bulletin No. 151 of this 
Station. Particularly are the soils in the Iowan drift, Mississippi loess and 
Southern Iowa loess areas likely to be acid.
All Iowa soils should therefore be tested for acidity before the crop is 
seeded, particularly when legumes, such as alfalfa or red clover, are to he 
grown. Any farmer may test his own soil and determine its need of lime, 
according to simple directions given in bulletin 151, referred to above.
As to- the amount of lime needed for acid soils as a general rule sufficient 
should be applied to neutralize the acidity in the surface soil and then an addi­
tional amount of one to two tons per acre.
THE SOILS OF IOWA
There are five large soil areas in Iowa, the Wisconsin drift, the Iowan drift, 
the Missouri loess, the Mississippi loess and the Southern Iowa loess. These five 
divisions of the soils of the state are based on the geological forces which 
brought about the formation of the various soil areas. The various areas are 
shown in the accompanying map.
With the exception of the northeastern part of the state, the whole surface 
of Iowa was in ages past overrun by great continental ice sheets. These great 
masses of ice moved slowly over the land, crushing and grinding the rocks be­
neath and carrying along with them the material which they accumulated in 
their progress. Five ice sheets invaded Iowa at different geological eras, eom-
Fig. 1— Map showing the principal soil areas in Iowa.
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ing from different directions and carrying, therefore, different rock material 
with them.
The deposit, or sheet, of earth debris left after the ice of such glaciers melts 
is called “ glacial till”  or “ drift”  and is easily distinguished by the fact that it 
is usually a rather stiff clay containing pebbles of all sorts as well as large 
boulders or “ nigger-heads.”  Two of these drift areas occur in Iowa to-day, 
the Wisconsin drift and the Iowan drift, covering the north central part of the 
state. The soils of these two drift areas are quite different in ch'emical composi­
tion, due primarily to the different ages of the two ice invasions. The Iowan 
drift soil was laid down at a much earlier period and is somewhat poorer in 
plant food than the Wisconsin drift soil, having undergone considerable leach­
ing action in the time which has elapsed since its formation.
The drift deposits, in the remainder of the state have been covered by so- 
called loess soils, vast accumulations of dust-like materials which settled out 
of the air during a period of geological time when climatic conditions were 
very different than at present. These loess soils are very porous in spite of 
their fine texture and they rarely contain large pebbles or stones. They present 
a strong contrast to the drift soils, which are somewhat heavy in texture and 
filled with pebbles and stones. The three loess areas in the state, the Missouri, 
the Mississippi and the Southern Iowa, are distinguished by differences in tex­
ture and appearance, and they vary considerably in value for farming pur­
poses. In some sections the loess is very deep, While in other places the under­
lying leached till or drift soil is very close to the surface. The fertility of these 
soils and their needs are greatly influenced, therefore, by their depth.
It will be seen that the soils of the state may be roughly divided into two 
classes, drift soils and loess soils, and that further divisions may then be made 
into various drift and loess soils because of differences in period of formation, 
characteristics and general composition. More accurate information demands, 
however, that further divisions be made. The different drift and loess soils 
contain large numbers of soil types which vary among themselves, and each of 
these should receive special attention.
THE SOIL SURVEY BY COUNTIES
It is apparent that a general survey of the soils of the state can give only 
a very general idea of soil conditions. Soils vary so widely in character and 
composition, depending on many other factors than their source, that definite 
knowledge concerning their needs can be secured only by thoro and complete 
study of them in place in small areas. The climatic conditions, topography, 
depth and character of the soil, chemical and mechanical composition, and in 
short all the factors which may affect crop production, must be considered.
This is what is accomplished by the soil survey of the state by counties, 
and hence the needs of individual soils, and proper systems of management may 
be worked out in much greater detail and be much more complete than would be 
possible by merely considering the large soil areas separated on the basis of 
their geological origin. In other words, while the unit in the general survey 
is the geological history of the soil area, in the soil survey by counties or any 
other small area, the unit is the soil type.
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GENERAL SOIL CHARACTERISTICS
Soil types possess more or less definite characteristics which may be de­
termined largely in the field, altho some laboratory study is necessary for 
final disposition. Usually the line of separation between adjoining soil types 
is quite distinct and it is a simple matter to locate the type boundaries. In 
some cases, however, there is a gradation from one type to another and then 
the boundaries may be fixed only with great difficulty. The error introduced 
into the soil survey work from this source is very smiall and need cause little 
concern.
The factors which must be taken into account in establishing soil types 
have been well enumerated by the Illinois Agricultural Experiment Station in 
its Soil Report No. 1. They are:
1. The geological origin of the soil, whether residual, glacial, loessial, 
alluvial, colluvial of cumulose.
2: The topography or lay of the land.
3. The structure or depth and character of the surface, subsurface and 
subsoil.
4. The physical or mechanical composition of different strata composing 
the soil, as the percentages of gravel, sand, silt, clay and organic matter which 
they contain.
5. The texture or porosity, granulation, friability, plasticity, etc.
6. The color of the strata.
7. The natural drainage.
8 The agricultural value based upon its natural productiveness.
9. Native vegetation.
10. The ultimate chemical composition and reaction.
The common soil constituents may be given as follows1 according to the 
Bureau of Soils:
SOILS GROUPED BY TYPES
The different general groups of soils by types are indicated thus by the 
Bureau of soils2:
Peats—Consisting of 35 per cent or more of organic matter, sometimes 
mixed with more or less sand or soil.
Inorganic Matter
Stones—over 32 mm.*
Gravel— 32—2.0 mm.
Fine Gravel—2.0—1.0 mm. 
Coarse sand—1.0—0.5 mm. 
Medium Sand—0.5—0.25 mm. 
Fine Sand—0.25—0.10 mm. 
Very fine sand—0.10—0.05 mm. 
Silt— 0.05—0.00 mm.
*25 m m . equals 1 in.
VBur. o f Soils Field Book. 
*1 C.
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Peaty Loams—15 to 35 per cent of organic matter mixed with much sand 
and silt and a little clay.
Mucks—15 to 35 per cent of partly decomposed organic matter mixed 
with much clay and some silt.
Clays —Soils with more than 30 per cent clay, usually mixed with much 
silt; always more than 50 per cent silt and clay.
Silty Clay Loams—20 to 30 per cent clay and more than 50 per cent silt.
Clay LoamS —20 to 30 per cent clay and less than 50 per cent silt and 
some sand.
Silt Loams —20 per cent clay and more than 50 per cent silt mixed with 
some sand.
Loams—Less than 20 per cent clay and less than 50 per cent silt and 
from 30 to 50 per cent sand.
Sandy Clays—20 per cent silt and small amounts of clay up to 30 per cent.
Fine Sandy Loams—More than 50 per cent fine sand and very fine sand 
mixed with less than 25 per cent fine gravel, coarse sand and medium sand, 
much silt and a little clay; silt and clay 20 to 50 per cent.
Sandy Loams—More than 25 per cent fine gravel, coarse sand and me­
dium sand; silt and clay 20 to 50 per cent.
Very Fine Sand—More than 50 per cent fine sand and less than 25 per 
cent gravel, coarse and medium sand, less than 20 per cent silt and clay.
Fig. 2— The topography illustrated in this view is characteristic of the loess soil in 
Bremer county. The soil here is a rich, yellow silt loam, originally forested and 
known as the “big woods” country.
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Fine Sand —More than 50 per cent fine sand and less than 25 per cent 
gravel, coarse and medium sand, less than 20 per cent silt and clay.
jSand—More than 25 per cent gravel, coarse and medium sand, less than 
50 per cent fine sand, less than 20 per cent silt and clay.
Coarse Sand—More than 25 per cent gravel, coarse and medium sand, 
less than 50 per cent of other grades, less than 20 per cent silt and clay.
Gravelly Loams —25 to 50 per cent gravel and much sand and some silt.
Gravels—More than 50 per cent gravel.
Stony Loams—A large number of stones over one inch in diameter.
THE GEOLOGY OF BREMER COUNTY *
The needs of the soils in the different counties, of Iowa, as well as their 
characteristics, are very largely dependent upon the geological conditions gov­
erning their formation, and it is well to know something regarding the geology 
of each area before studying it in detail. The geology of Bremer county will, 
therefore, be considered very briefly.
Bremer county occupies a somewhat central position upon the glacial de­
posit known as the Iowan drift and the larger portion of the surface of the 
county is covered by the remains of this great ice sheet. Smaller areas of 
Kansan drift are also found, and there are, of course, the alluvial deposits along 
the various rivers of the county. The surface of the county, therefore, records 
only a very small part of the geological history of the area. The shales and 
limestones which at one time formed the surface of the land were buried deep 
under the deposits left by the ihvading glaciers, so deep that their effect on 
the character of the surface soil is negligible. Three great ice sheets invaded 
this area, the pre-Kansan, the Kansan and the Iowan, and each timé the county 
was buried under ice sheets probably as large as that which now covers Green­
land. The topography of the county was altered each time. Old channels were 
clogged with glacial material remaining when the ice retreated, and the entire 
area was left covered with the sands, gravels and stony clays which the glacier 
had accumulated in its progress.
With the retreat of the last, great ice sheet the present geological era began. 
The rivers carved out new channels and gradually spread their silt deposits out 
over the flood plains. These constitute the alluvial material to which reference 
has been made. The surface deposits were disintegrated by the action of the 
weathering agents, or became eroded by rains and streams, and some portions 
were carried away. All the agencies of soil formation were brought into play 
and gradually modified the character of the surface soil. Plants lived, died 
and added their organic matter to the soil, forming humus. Peat deposits in 
sloughs were formed and gradually decayed until soil was formed. Rivers 
changed their courses somewhat and continued to deposit silt over the sur­
rounding soil. Erosion continued and soils were carried from one part of the 
area to another as time went on, much plant food was washed out of the soil 
and the humus content became gradually reduced. The soils of this area, there­
fore, are poorer in plant food and lime than those in the neighboring Wisconsin
»See Geology o f Bremer County by W illiam  H. Norton, Annual Report Iowa Geological Survey, 
1905, vol. XVI, p. 321.
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drift area since they have been subjected to the weathering agencies for a much 
longer period.
. The stones, pebbles and boulders which have been referred to as charac­
teristically present in drift soils are found in profusion thruout this county, 
but not in sufficient quantities to interfere to any extent with farming opera­
tions.
PHYSIOGRAPHY AND DRAINAGE
The physiography and drainage of the county as developed since the ice 
retreat should also he considered briefly as throwing some light on the soil 
conditions in the area.
Bremer county is located on what is known as the wide plain of northern 
Iowa, characterized by its gently undulating appearance. Although the eleva­
tions are very slight, the highest hardly exceeding 150 feet, the plain is not 
entirely level. Frequent sags and swells give it an undulating appearance, and 
in places isolated, rounded hills appear. Furthermore, the valleys of the streams 
trench the plain and numerous fairly deep ravines break the regularity of its 
surface. As a Whole, however, the county is without any striking physiographic 
features and constitutes an unusually level portion of the state.
Three main streams, the Cedar, the Shell Rock and the Wapsipinicon rivers, 
flow in a southrsoutheasterly course across Bremer county and these with their 
tributaries constitute the drainage system of the county. The tributaries of 
the three rivers as a rule maintain parallel courses and the area between these
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parallel streams is so narrow that no side streams of any importance are de­
veloped. All these rivers are characterized by their comparatively wide flood 
plain and the alluvial deposits which they have laid down. These deposits are 
known as bottom lands, or first or second bottoms, depending on their relation 
to the stream in point of time, and they constitute a rather fertile soil.
The drainage of the county is very good in most cases and artificial drain­
age is rarely necessary.
THE SOILS OF BREMER COUNTY
The soils of Bremer county may be grouped into five general classes: 1st, 
drift soils; 2nd, loess soils; 3rd, terrace soils; 4th, swamp and bottom land 
soils, and 5th, residual soils. Drift soils are those which are formed from the 
material left by retreating glaciers. Loess soils are deposits of wind carried 
material made at some time when the climatic conditions were somewhat dif­
ferent than at present. Terrace soils are accumulations of drift and alluvial 
materials deposited on the banks of streams and now located above the flood 
plains of the present rivers, due to the decrease in the volume of the streams 
and the consequent lowering of the river channels. Swamp and bottom land 
soils are those bordering on streams and subject to overflow by the rivers during 
flood seasons; they are largely composed of alluvial material and hence are 
rather complex in composition and they are level and badly in need of drain­
age. Residual soils are those which are formed by the various weathering 
agencies from the underlying rock and remain resting upon the rocks from 
which they were formed.
The following table shows clearly the areas covered by the soils of the 
five classes, given in acres and also in per cent of the total area. .
TABLE II. AREAS OF DIFFERENT GROUPS OF SOILS IN BREMER COUNTY
Acres Per Cent.
Drift Soils ....... g......................................................... 199,360
7,168
28,736
42,240
256
71.8
Loess Soils.................................................................. 2.6
Terrace Soils........................................................... 10.2
Swamp and Bottom Land Soils .................................... 15.3
Residual Soils ............................ ....................................... 0.1
Total ..................................................................... 277,760
By far the largest portion of the soils of the county are of glacial origin, 
almost 72 per cent of the area in the county being covered by drift soils. The 
swamp and bottom land soils, black loams usually resting on clay loams or 
clays, make up about 15 per cent, and the terrace soils, about 10 per cent. The 
loess area in Bremer is small, and there is only one very small area of residual 
limestone soil.
Within these general classes different soil types are differentiated on the 
basis of their content of sand, silt and clay according to the scheme already re­
ferred to, and according to their color, the character of their subsoil and, in 
some cases, their topography. Type names are based on these characteristics 
entirely and meaningless proper type names are dispensed with.
A very large majority o f the soils of Bremer county are rolling, as has al­
ready been mentioned, and where no other descriptive topographical term is
cIowa Agricultural Experiment Station.
SOIL MAP OF BREMER COUNTY, IOWA
S c ale • lixuxlx* 2%  m iles
O 1 7Ü/2 2 2V2 miles
BREMER COUNTY SOILS 19
employed, it will be understood that the soil is rolling. A few soils in the 
county are level, but there are no typical rough areas.
Seven soil types are included among the drift soils, four among the loess 
soils, five among the terrace soils, five among the swamp and bottom land soils, 
and one residual soil, making a total of twenty-two types in the county.
The relative extent of these various soil types in the county is given in the 
following table, in terms of acreage and also in per cent of the total area of 
the county.
TABLE III. AREAS OF DIFFERENT SOIL TYPES
Soil
T^ e Drift Soils Acres
Per
Cent
1—  Dark brown, to black loam on yellow clay loam ........................
2—  Black heavy loam on yellow clay loam (level) ............................
169,664 1 
4,800 ) 62.8
3— Dark brown sandy loam on yellow sandy loam...................................... 16,960 6 .1
6— Light brown to gray loam on yellow sandy clay loam.......................... 4,160 1.5
4— Brown to dark brown fine sandy loam on yellow sandy loam ........... 3,200 1 .1
5— Black clay loam on yellow to dark gray clay loam (level) .................. 512 0.2
7— Light brown to gray loose sand or san,dy loam on brown sandy loam 64 0.1
Loess Soils
11-—Yellowish-brown silt loam on yellow silt loam...... ................................. 3,584
2,176
896
1.3
8— Brown to dark brown medium sand on yellow or yellowish-brown
sa/nd ................................................................................. 0.8
0.3
10— Yellowish-gray fine sandy loam on yellow silt loam, loam or clay
512 0.2
Terrace Soils
12— Black loam on dark brown clay or sandy clay (level to gently
rolling) .................:..................................................................... 14,912
8,192
2,944
.
5.4
2.9
13— Brown sandy loam on yellowish-brown coarse sandy loam or coayse
1.0
15— Brown to dark brown fine sandy loam on yellowish brown fine
1,600
1,088
0.5
16— Brown to" light brown loam on mottled gray and light brown, sandy
0.4
Swamp and Bottom Land Soils
21,824
18,304
7.9
17— Black mucky silt loam on yellow and gray mottled sticky clay
(level) ......................-----.......................................................... 6.6
1,536
512
0.5
19—-Brown to dark brown, sandy loam on yellowish-brown loamy sand
0.2
64 0.1
Residual Soils
22— Light brown silt loam or fine sandy loam on yellow loam to clay
256 0.1
The dark brown to black loam on* yellow clay loam, a drift soil, is easily 
the predominant soil type in the county, covering more than one-half its total 
area. This soil type, together with the black heavy loam on yellow clay loam
«The term “ on”  is used to indicate the occurrence of the characteristic subsoil within the upper 
40 inch zone and “ over”  indicates that the characteristic subsoil is found below 40 inches.
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Fig. ,4— This section shows the rolling topography of the loess soils in Bremer county. 
The soil here is a yellowish-brown silt loam which is easily eroded and which is 
often, termed “clay hills.”
(level) makes up 62 per cent of the area of-the county. These two types are 
grouped together, inasmuch as the latter is merely a level phase of the former 
and because of its poor drainage is somewhat darker in color.
The dark brown sandy loam on yellow sandy loam is the second largest 
drift soil in the county, and with the exception of two of the bottom land soils 
is the second most prominent type. The remainder of the soil types among the 
drift soils are of minor importance, .covering from 0.1 to 1.5 per cent of the 
area of the county.
The loess soils are represented in Bremer county by four soil types, none of 
them occupying any extensive areas. The yellowish-brown silt loam on yellow 
silt loam and the brown to dark brown medium sand on yellow or yellowish- 
brown sand are the more common of the four types.
The terrace soils include five comparatively small soil types, two of which 
are, however, of considerable importance. The black loam on dark brown clay 
or sandy clay (level to gently rolling) occupies almost 15,000 acres, over 5 per 
cent of the area of the county, and the brown sandy loam on yellowish-brown 
sandy loam covers over 8,000 acres, about: 3 per cent of the area of the county: 
The remaining soil types cover 1 per cent or less of the county and are of minor 
importance: - - V: • j • V; -'’I ‘ , < c*.
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Of the swamp and bottomland soils two types are quite important, the 
black loam or sandy loam on sand or gravel, covering over 21,000 acres, about 
8 per cent of the county. The black mucky silt loam on yellow and gray 
mottled sticky clay covers over 18,000 acres, over 6 per cent of the area of 
the county, and constitutes also an important soil type. The other three soil 
types in this group are relatively unimportant, the peat or muck being par­
ticularly unimportant. All the soils in this group are level, most of them being 
poorly drained as is indicated by the character of the subsoils.
The one small area of residual soil in Bremer county is quite unimportant, 
occupying only about 250 acres, or 0.1 per cent of the area of the county, and 
needs, therefore, little consideration.
THE FERTILITY IN BREMER COUNTY SOILS 
To ascertain the plant food content of the soils of Bremer county, samples 
were drawn from all but three of the soil types represented: The light brown to 
gray loose sand, or sandy loam on brown sandy loam; the brown to light brown 
loam on mottled gray and light brown sandy loam; the peat or muck. Two and 
sometimes three samples were drawn from the predominant soil types, but only 
one sample from the minor types. All were taken with the utmost precautions 
that they should be absolutely true to type and that all avoidable variations in 
the soils due to treatment should be eliminated. At each sampling soil was se­
cured from three depths, 0 to 6% ", 6%  to 20", and 20 to 40", representing the 
surface, subsurface and subsoil. These samples were analyzed for total nitro­
gen. total phosphorus, inorganic carbon, organic carbon and lime requirement.
The Surface Soils
The results of the analyses of the surface soils are reported in table IV, 
in pounds per acre of 2,000,000 pounds of surface soil. The results show that 
there is considerable variation in the plant food content of the various soil 
types within the large groups. This is to be expected because there are wide 
ranges of soil types which are all of glacial origin, or all of loessial origin and 
so on.
THE PHOSPHORUS IN BREMER COUNTY SOILS 
In the first place, the drift soils run somewhat higher in phosphorus than 
the loess soils and the terrace and bottom land soils are still higher in that 
element. There is apparently some relation here between the phosphorus con­
tent and the character,, type, age, etc., of the soil.
It is interesting to find that the topography of the soil is also apparently 
of some influence on its phosphorus content. The two level drift soils are 
considerably higher in phosphorus than those of the normal rolling type. 
It will be noticed also that these same soils are higher in organic carbon 
and nitrogen than the other types, as might be expected. These results 
indicate that organic phosphorus may be of considerably more importance in 
soils than has been supposed. The value of various means of keeping up the 
organic matter content of soils is perhaps dependent to some extent on the 
phosphorus content of the substances used. An interesting question is sug­
gested here.
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TABLE IV. PLANT FOOD IN BREMER COUNTY SOILS (SURFACE)
Pounds Per Acre of Two Million Pounds of Surface Soil 
(0-6-2/3")
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Drift Soils
1— Dark brown to black loam on yellow clay loam ............ 1193 3693 49,640 129 9264
2— Black heavy loam on yellow clay loam (level) ............ 1740 5980 78,160 188 9809
3— Dark brown sandy loam on yellow sandy loam ............ 960 2220 34,430 Trace 8074
6— Light brown to gray loam on yellow sandy clay loam.. 1050 2010 28,580 Trace 5872
4— Brown to dark brown fine sandy loam on yellow sandy 
loam ................................................................................ .... 840 2260 31,920
81,240
112 Basic
5— Black clay loam on yellow to dark gray clay loam
(level) ................................................................................. 2160 7360 110 7707
Loess Soils
11— Yellowish brown silt loam on yellow silt loam,.............. 740 to o 00 o 29,030
r
Trace 6055
8— Brown to dark brown medium sand on yellow or yel-
lowish-brown sand........................................................... 540 420 6,180 122 5138
9— Dark brown silt loam on brownish-yellow silt loam .... 1020 3960151,380 Trace 8808
10— Yellowish-gray fine sandy loam on yellow silt loam,
loam or clay loam ........................................................... 620 1500|24,100 Trace 5505
Terrace Soils
12-—Black loam on dark brown clay or sandy clay (level to 
gently rolling) ................................................................. 1410 5160 66,120 145 6422
14-—Brown sandy loam on yellowish-brown sandy loam .... 1200 2440 30,520 Trace 4271
13-—Brown sandy loam on yellowish brown coarse sandy 
loam or coarse sand (level) ........................................ 1100 1380 14,680 114 4771
15-—Brown to dark brown fin,e sandy loam on yellowish- 
brown fine sandy loam (level to rolling) ................ 1060 1980 25,120 Trace 3670
Swamp and Bottom Land Soils
20— Black loam or sandy loam on sand or gravel (level) .... 1640 3600 47,547 308 4893
17— Black mucky silt loam on, yellow and gray mottled
sticky clay (level) ........................................................... 1580 7360 81,380 Trace Basic
18— Black or dark brown loam or brown clay loam (level).. 2050 7030184.460 103 10276
19-—Brown to dark brown sandy loam on yellowish-brown
loamy sand or sandy clay (level) .............................. 1050 2280 24,550 Trace 7290
Residual Soils
22— Light brown silt loam or fine sandy loam on yellow
loam to clay loam ......................................................... 800 1640 17,700 Trace 8074
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Considering the results of the phosphorus tests as a whole, it is apparent 
that none of the soils in Bremer county is rich in this element. There is suf­
ficient present probably to supply a number of crops with t^e necessary amount, 
but all the soils will he in need of phosphorus in the rather near future. It is 
well-known that as the total amount of any element in a soil decreases, the 
proportion which is made available becomes very much smaller and hence even 
altho analyses show that there is enough total phosphorus present for several 
crops, the crops may actually suffer for a lack of the element in an available 
form. The last portion of an element in the soil is practically unavailable.
Phosphorus, may, therefore, soon be one of the limiting factors of crop 
growth on the soils of Bremer county, if jt is not already so. It is quite possible 
that applications of this element at the present time might prove profitable on 
some soils.. This point will be considered later. All systems of farming em­
ployed in Bremer county should consider the maintenance of the phosphorus 
supply if the soils of the county are to be kept permanently fertile.
THE NITROGEN IN BREMER COUNTY SOILS
Much less nitrogen is found in the loess soils than in the other groups. 
The swamp and bottom land soils, as might be expected, show the greatest 
quantities of nitrogen; the drift soils are somewhat lower in that element and 
the terrace soils still lower.
There is a very close relation between the nitrogen content and the carbon 
content which represents, of course, the organic matter present. Again, it 
appears that the swamp and bottom land soils are the highest in carbon and the 
loess soils are the lowest. While, therefore, the nitrogen content of any of the 
soils-in the county is not extremely large, there is considerably more need of it in 
the loess soils than in the others. Similarly it appears that the loess soils are 
more in need of organic matter or humus. The deficiencies in organic matter and 
in nitrogen in these soils should be met by the application of farm manure, or 
the turning under of a well inoculated crop of a legume. Furthermore, if the 
drift soils, the terrace soils or any of the other soils are to be kept supplied with 
the proper amounts of humus and nitrogen, the rotation must contain a legume, 
some green manure crop must be used, crop residues must be utilized and farm 
manure must be supplied in as large amounts as are available.
It is interesting to note that in spite of the low content of nitrogen and of 
carbon in these soils, the carbon-nitrogen ratio is not low enough in any case to 
indicate that the humus is not decomposing rapidly epough in the soil. In other 
words, in all the soils in the county the character of the humus is such that, 
other conditions being satisfactory, decomposition may proceed at a normal 
rate. Even where the organic matter is not abundant, its composition is such 
that it may be readily attacked and the plant food present liberated. The inor­
ganic carbon content of the soils of Bremer county is so low that it hardly needs 
consideration.
None of the soils is rich in lime and hence it would be expected that the 
need of lime would be rather extensive. This is the case. All the soil types but 
two are acid and in neither of these cases is there any considerable amount of 
lime present in the soil. Evidently, in the natural course of events they will 
also very quickly be in need of lime. The limestone requirements of the vari-
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ous soils do not vary according to the groups in which they occur; some of the 
drift soils, for instance, are in need of more than 41/2 tons of limestone while 
others are not acid. The same situation pertains to the soils in the other groups. 
The amount of limestone required varies from 2 to 5 tons per acre of 2,000,000 
pounds of surface soil, an average requirement being 3 to 31/2 tons per acre of 
surface soil.
These results, as a whole, show very clearly that the soils of Bremer county 
are not so richly supplied with necessary plant food as to assure abundant crop 
growth continuously. In several soil types there is more or less immediate need 
of treatment to supply certain deficiencies. In general the application of phos­
phorus, the increase of humus and of .nitrogen, and the addition of limestone 
is needed to make the soils of the county permanently fertile. Other essential 
elements are apparently present in sufficient amounts for many years to come.
The Subsurface Soils and Subsoils
Analyses were made of the subsurface and subsoils, corresponding to the 
surface soils already discussed. The results, shown in table V and VI, are cal­
culated on the basis of 4,000,000 lbs. subsurface soil and 6,000,000 lbs. subsoil.
The amounts of plant food in the subsurface and subsoils are not of as great 
importance as those in the surface soils. If the plant food content of the sur­
face soil is not kept up, the plant food in the subsoil will do little more than 
slightly delay the time when the crops will suffer for some particular element 
in an available form. It is hardly necessary, therefore, to discuss these tests 
of subsurface soils and subsoils in detail. It need merely be mentioned that there 
is in the subsurface and subsoils no large stock of those elements which are 
not abundant in the surface soil. Phosphorus is present in small amounts and, 
with a few exceptions, nitrogen is present only in a small quantity. If these 
elements are not maintained in the proper amounts in the surface soil, therefore, 
crops will quickly suffer for a lack of them.
The results show that the organic matter in the lower soil layers is under­
going active decomposition, as was the case with the surface soils.
The lime requirements of the subsurface and subsoils in Bremer county 
are large. However, it is not advisable to apply enough lime to ah acid soil 
to neutralize all the acidity to a depth of 40 inches. Lime moves downward in 
the soil under ordinary conditions, and it is a better plan to apply the amount 
of lime needed on the surface soil and keep up the content there. In that case 
good crop yields can be secured, provided other conditions are satisfactory. 
The tests, therefore, merely emphasize the fact that the soils in Bremer county 
are very largely acid, and in need of considerable quantities of lime.
GREENHOUSE EXPERIMENTS
Two series of experiments on soils from the Iowan drift soil area have 
been carried out at different times in the greenhouse. The first was conducted 
during 1906, 1907 and 1908 on a typical dark brown to black loam on yellow 
clay loam secured from Independence, Buchanan county. In 1915 a second 
experiment was begun in the greenhouse with soil from Bremer' county, the 
same soil type being chosen, inasmuch as it is the predominant soil type in the 
county.
BREMER COUNTY SOILS 25
The results of these two experiments, while secured at different times and 
on soils from different counties, may he considered together for the reason that 
the same soil type was used in each case, the main soil type not only in Bremer 
county, but in the whole Iowan drift soil area. The conclusions are more or less 
applicable to other counties in the Iowan drift area.
The first experiment on the soil from Independence involved tests of the
TABLE V. PLANT FOOD IN BREMER COUNTY, IOWA, SOILS (SUBSURFACE) 
Pounds per Acre of Four Million Pounds of Subsurface Soil (6% to 20")
No. Soil Type
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Drift Soils
1— Dark brown to black loam on yellow clay loam,........ 2066 5746 79,426 210 15,658
2— Black heavy loam on yellow clay loam (level)............ 1320 4200 44,080 136 19,618
3— Dark brown sandy loam on yellow sandy loam ....... 1540 2200 36,360 Trace 12,478
6— Light brown to gray loam on yellow sandy clay loam 
4— Brown to dark brown fine sandy loam on yellow
1400 1840 41,780 110 13,212
sandy loam ...................................................................
5— Black clay loam on yellow to dark gray clay loam
1600 2520 32,680 184 16,148
(level) ........................................................................... 2320 7760 24,440 300 Basic
Loess Soils
11— Yellowish-brown silt loam on yellow silt loam............ 1340 2260 33,400 108 6,606
8— Brown to dark brown medium sand on, yellow or
yellowish-brown sand ............................................... 920 Trace 12,280 132 10,276
9— Dark brown silt loam on brownish-yellow silt loam.—1800 5160 69,960 180 17,616
10— Yellowish-gray fine sandy loam on yellow silt loam,
loam or clay loam ..................................................... 1200 1360 24,640 Trace 11,010
Terrace Soils
12— Black loam on dark brown clay or sandy clay
(level to gently rolling) ........................................ 2400 6580 93,520 176 7,707
14— Brown sandy loam on yellowish-brown sandy loam 2160 3060 36,760 152 5,505
13— Brown sandy loam on yellowish-brown coarse
sandy loam or coarse sand (level) .................... 2360 1160 27,400 152 6,606
15— Brown to dark brown fin;e sandy loam on yellowish-
brown fine sandy loam (level to rolling) .......... 1560 2360 30,320 Trace 7,340
Swamp and Bottom Land Soils
20— Black loam or sandy loam on sand or gravel (level) 2600 4506 68,600 209 7,762
17— Black mucky silt loam on yellow and gray mottled 
sticky clay (level) ............................................... 2600 10600 131,680 184 21,286
18— Black or dark brown, loam on brown clay loam 
(level) ........................................................................... 2980 5220 62,380 130 15,414
19— Brown to dark brown sandy loam on yellowish- 
brown loamy sand or sandy clay (level) ....... 1480 2720 23,800 Trace 13,212
Residual Soils
22— Light brown silt loam or fine sandy loam on yel-
low loam to clay loam .......................................... 1520 1600 25,640 Trace 15,414
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use of manure and a leguminous green manure crop and the application of 
phosphorus in two forms. The results appear in table VII, the averages being 
calculated for the duplicate treatments.
The manure was applied at the rate of 15 tons per acre, rock phosphate, 
1.920 pounds per acre, and bone meal, 960 pounds per acre.
The legume treatment consisted in applying, in the fall, dried, finely ground
TABLE VI. PLANT FOOD IN BREMER COUNTY SOILS (SUBSOIL) 
Pounds Per Acre of Six Million Pounds of Subsoil (20 to 40")
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Drift Soils
1 Dark brown to black loam on yellow clay loam ....... 2520 4340 60,920 298 19,084
2 Black heavy loam on yellow clay loam (level) .... 2520 2760 36,300 450 5,505
• 3— Dark brown sandy loam on yellow sandy loam ....... 1950 1500 24,300 201 15,964
6— Light brown to gray loam on yellow sandy clay
1860 32,250 225 18,717loam ...............—............................................................. 2160
4— Brown to dark brown fine sandy loam on yellow
336 24,222sandy loam ................................................................... 2520 2040 20,820
5— Black clay loam on, yellow to dark gray clay loam
¡Basic(level) ..................... -........-...................................—.... 13420I 43801 6t5,78U| 3Z4
Loess Soils
11 Yellowish-brown silt loam on yellow silt loam ....... 3150 2370 33,630 246 19,818
•8— Brown to dark brown medium sand on yellow or
yellowish brown sand .............................. - .............. 1320 Trace 12,600 198 Basic
9— Dark brown silt loam on brownish-yellow silt loam 2100 4020 54,780 162 23,121
10— Yellowish-gray fine sandy loam on yellow silt loam,
loam or clay loam ............................... - ................... 2220 1500 24,780 162 23,121
Terrace Soils
12— Black loam on, dark brown clay or sandy clay
(level to gently rolling) ....................................... - 2790 4200 66,870 279 11,560
14— Brown sandy loam on yellowish brown sandy loam 
13— Brown sandy loam on, yellowish brown coarse
2850 3930 51,780 252 7,707
sandy loam or coarse sand (level) ....................
15— Brown to dark brown fine sandy loam on yellow-
3240 1020 15,420 228 5,505
ish-brown fine sandy loam (level to rolling) .... 3600 1980 28,260 Trace 9,909
Swamp and Bottom Land Soils
20— Black loam or sandy loam on sand or gravel (level)
17—  Black mucky silt loam on yellow and gray mot­
tled sticky clay (level) .............;...............................
18—  Black or dark brown loam on brown clay loam
(level) ............................ -...............-........................ - -
19—  Brown to dark brown sandy loam - on yellowish-
brown loamy sand or sandy clay (level) ..........
3480
3300
3480
2220
2740
8340
3420
2730
30,000
101,940
59,010
24,660
250
162
360
Trace
5,505
19,818
15,414
17,065
Residual Soils
22— Light brown silt loam or fine sandy loam on yel- •
low loam to clay loam ............................................. 2400 1500 28,620|Trace 20,919
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TABLE VII. GREENHOUSE EXPERIMENT WITH IOWAN DRIFT SOIL FROM
INDEPENDENCE, IOWA
Treatment
A t .
W t.
Grain
1906
A t .
W t.
Grain
1907
A t .
W t.
Grain
1908
101 Check.........................................................................................L., 15.8 37.7 13.9
103 Manure ............................................................. 21.1 41.6 19.1
105 Legume..........:..........,...........1............................. 16.9 43.9 22.2
107 Bone Meal .................................... ........................ 15.2 38.6 18.0
109 Rock Phosphate ......................................................................... 15.8 35.3 16.5
I l l  Man,ure+ Bone Meal ................................................................. 17.6 39.6 21.1
113 Manure-)-Rock Phosphate ....................................................... 18.3 37.8 17.8
115 Legume-)-Bone M eal................................................................. 16.4 47.9 19.3
117 Legume-)-Rock Phosphate ....................................................... 10.7 45.5 17.9
119 Manure-)-Legume....................................................................... 24.3 47.0 24.8
121 Manure-)-Legume+ Rock Phosphate.................................... 17.1 46.7 23.4
123 Manure-)-Legume+Bone Meal .............................................. 22.9 43.3 25.9
cowpeas. The seeding followed this treatment about the middle of January. 
All the pots were prepared and seeded to cowpeas in July, 1905, and this crop 
was removed in the fall from all except the legume treated pots and the seeding 
then occurred as mentioned above.
The results secured in 1906 are not conclusive, owing to the injury of the 
crop by red spiders just prior to harvesting. The injury was so general that 
many of the plants dried up without fruiting.
The manure showed a considerable effect, however, when used alone, in 
spite of the difficulty mentioned. The manure plus legume, and the manure 
plus legume plus bone meal treatments likewise showed some effects. The 
legume alone had little effect and the phosphorus, either in the form of bone 
meal, or less soluble rock phosphate, had practically no influence on the crop.
In 1907 the crop secured was quite satisfactory and the results are much 
more conclusive. Again manure showed considerable effect, but the legume 
treatment seemed slightly better. The bone meal and rock phosphate alone 
had practically no effect, as was also the case when they were used with 
manure. When these materials were used with the legume treatmlent, small 
increases in crop yields were secured, the bone meal showing up better than 
the rock phosphate. The manure with the legume, however, gave as good 
results as the legume plus phosphorus, and the addition of phosphorus in either 
form to the combined treatment of manure and legume showed no influence 
whatever. It is apparent, therefore, from these results that the use of phos­
phorus on this soil was not profitable.
In 1908 the results were very similiar to those obtained the previous year, 
altho the crop yields were very much smaller.
This experiment as a whole shows quite distinctly that the application of 
phosphorus, either in the form of bone meal or as rock phosphate, cannot be 
considered profitable on this soil. In many cases no gains at all were noted, 
and even where there were small increases, they were not large enough to 
warrant the use of the materials. The value of manure and the turning under 
of a green manure crop on this soil type was plainly shown. These two 
materials are undoubtedly the most valuable fertilizing materials which can be 
applied to this soil, and their use is strongly to be urged. They not only add
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nitrogen, but they supply organic matter and keep the soil in the best mechan­
ical condition for the growth of crops.
The second greenhouse experiment was planned to test the value of appli­
cations of lime, manure, acid phosphate and rock phosphate to the dark brown 
to black loam on yellow clay loam. Manure was applied at the rate of 10 
tons per acre, acid phosphate at the rate of 300 pounds and rock phosphate at 
the rate of 1000 pounds per acre. The application of lime was sufficient to 
neutralize the acidity of the soil and to provide an excess of 2 tons per acre. 
The results of this test are given in table VIII. It will be noted that lime 
alone increased the yield slightly and lime with phosphorus brought about still 
further increases. In the case of the rock phosphate, however, the increase 
was too small to be considered. IVhere acid phosphate was added with the 
lime, quite an appreciable increase in crop was noted.
When manure was employed along with the lime, the crop yield was more 
than doubled, but the addition of phosphorus with the lime and manure had 
little effect. The rock phosphate showed a slight increase and the acid phos­
phate a slight decrease, but the differences were too small to be considered. 
The conclusion seems warranted that the addition of phosphorus, in either the 
soluble or insoluble form, had practically no effect on crop production when 
manure and lime were added to the soil. It is interesting to note here that in 
the absence of manure, the use of phosphorus seemed to be of value, but when 
manure was present, the phosphorus was of no use.
The crop yields obtained in this experiment are shown in fig. 5, which 
illustrates clearly the great increase in growth secured when the manure was 
applied.
The results of this test confirm very completely the previous test on the 
same soil type from another county in the same area, and show very con­
clusively that manure is the most valuable fertilizing material for this soil. 
The increases in crop yield were more pronounced in this latter experiment, 
but in all cases it is apparent that the maintenance of the best fertility in this 
soil demands the use of some such material to keep up the nitrogen and organic 
matter content and insure the best physical conditions for plant growth?
The application of phosphorus fertilizers, either as the soluble acid phos­
phate or the insoluble rock phosphate, just as in the previous experiments, had 
practically no effect on the crop yield. The addition of acid phosphate where 
manure was not used increased the crop growth somewhat, indicating the lack
TABLE VIII. POT EXPERIMENT— DARK BROWN TO BLACK LOAM ON YEI^ 
LOW CLAY LOAM— DRIFT SOII^-BREMER COUNTY— 1915
Pot
No.
Treatment
Dry W t. 
Grain 
Gms.
\ 8.25
2 9.25
Q 11.25
A 9.50
19.00
6
7
18.751 J 1 1111 1 1Y1 cl 11 Li JL v  | 1 xt/lvi JL XX v/ O p  xi CX vV/ ----------- - - - — - -
Lime+ Manure+ Rock Phosphate ................................ -...................................... 20.50
»w f w m
Fig'. 5— The mature wheat growing in these pots shows the relative effect of various 
treatments of Bremer county drift soil. When manure was used with lime the 
crop yield was more than doubled.
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of available phosphorus in that case, but when manure was applied to the soil, 
the production of available phosphorus was evidently sufficient for the needs 
of the crop and further additions were of no use. Lime brought about a no-, 
ticeable increase in the crop growth and the effect was probably even greater 
where the manure was used.
While, therefore, the analyses of this soil do not show the presence of any 
large amount of phosphorus, there is apparently sufficient for the immediate 
needs of crops, provided sufficient organic matter is supplied to keep the pro­
duction of available phosphorus by bacteria and molds great enough to supply 
crop needs. An ordinary application of manure seems sufficient to accomplish 
this purpose afid to provide satisfactory conditions for bacterial growth and 
activity.
The purchase and use of phosphorus fertilizers on this soil cannot be rec­
ommended at the present time, but it is apparent from the analyses that in the 
rather near future this element will be a limiting factor in crop growth, and 
its use in some form will be absolutely necessary.
THE NEEDS OF BREMER COUNTY SOILS INDICATED BY CHEM­
ICAL AND GREENHOUSE TESTS '
LIME
One of the most noticeable facts regarding the Bremer county soils is the 
very extensive and considerable need of lime. With the exception pf the brown 
to dark brown fine sandy loam on yellow sandy loam, a drift soil, and the black 
mucky silt loam on yellow and gray mottled sticky clay (level), a swamp and
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bottom land soil, the soils all show considerable acidity. Even these two soil 
types do not contain any considerable amount of lime, and they too will soon 
need application of lime to produce satisfactory crops.
Some of the Bremer county soil types seem to be particularly deficient in 
lime, while others are not so acid, but there are no distinct lines between the 
various groups of soils. The terrace soils do not seem to be as strongly acid as 
the drift soils as a whole, and the loess soils are also somewhat less acid than 
the drift soils, but the swamp and bottom! land soils are partly in need of con­
siderable lime and partly only slightly acid. This condition may be explained 
in part by the difference in cropping conditions on the same soil types in dif­
ferent localities and also by the fact that the subsoil conditions are widely 
different in the same general soil groups. Lime is leached out of soils very 
rapidly; it is used up by the production of organic and inorganic acids in de­
composition processes, and it is also taken up in considerable amounts by many 
plants. Therefore, the crop, soil and subsoil conditions determine very largely 
the rapidity of the disappearance of lime from soils. The combination of con­
ditions in Bremer county, together with the age of the soil, or length of time 
thru which decomposition has occurred in the soil and leaching has taken place, 
has been such that lime has practically disappeared.
With regard to the amount of lime which should be applied to the dif­
ferent soil types in the county, definite recommendations cannot be made to fit 
all conditions. The average amounts needed by the typical soils as analyzed is 
about 3 to 3Y2 tons of limestone per acre of surface soil of 2,000,000 lbs. About 
5 tons per acre should, therefore, be considered the average application, or as 
much lime as the soil requires to neutralize its acidity and then 2 tons in addi­
tion. The average needs of the soils of Bremer county check very closely 
therefore, those found for typical soils in the Iowan drift area as reported in a 
previous publication.* In those results 4 to 5^2 tons of lime was found to be 
the average need.
While then general recommendations for applying lime to soils can be 
made, it must be understood that the most satisfactory procedure with all soils 
is to test the particular soil and apply the proper amount to bring that soil into 
the best condition for plant growth. All the soils in Bremer county should be 
tested for acidity and lime requirement and applications made accordingly.
DRAINAGE
Most of the soils within the Iowan drift area are fairly well drained, but 
occasionally small areas are found whose fertility is reduced because of poor 
aeration and too much water.
In Bremer county the swamp and bottom land soils are particularly in need 
of drainage. These soils which need drainage include particularly the black 
or dark brown loam on brown clay loam, and the black mucky silt loam on 
yellow and gray mottled sticky clay. Together these two types cover over 
40,000 acres, or 14.5% of the area of the county.
Besides these soils, there are some other types which are in need of drain­
age. The black heavy loam on yellow clay loam (level) is poorly drained and 
so is the black clay loam on yellow to dark gray clay loam (level). Both of
*Bul. 151, Iowa Agr. Expt. Sta.
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these are drift soils. Portions of the black loam on dark brown clay or sandy 
clay, a terrace soil, are also poorly drained and small areas of other soil types 
are apt to be in the same condition.
No amount of care in preparation of the soil, fertilization or seeding will 
bring about good crop production if the soil is poorly drained. Hence it is 
evident that one of the first essentials to continued fertility in the swamp and 
bottom land soils of Bremer county and also in such portions of other soils as 
are in need of it, is that drainage should be thoroly established. It is a simple 
matter to determine the need of drainage and how to establish efficient drainage 
systems is also well understood and requires no especial consideration here.
MANURING
Most of the soils in Bremer county, while not actually short in humus, 
seem to respond rather readily to the application of manure and green manure. 
Particularly is this true of the dark brown to black loam on yellow clay loam, 
the soil type which covers over 60 per cent of the area of the county. The 
experiments conducted in the greenhouse with this type give very definite evi­
dence of increased yields when the humus content of the soil was increased by 
manure or leguminous green manures, in some cases the yield being doubled. 
Several of the other soil types in Bremer county are in much the same condi­
tion. and the conclusion is certainly well warranted that applications of manure 
would be quite as valuable on them. They include four of the drift soils, all 
the loess soils, three of the terrace soils and one of the swamp and bottom land 
soils,—in fact all the soil types in the county except five or six. The swamp 
and bottom land soils are quite generally high in humus and when brought 
under a higher state of cultivation than at present, the need of organic mate­
rials on them is very much less pronounced than is the case with some of the 
other soil types. When such soils are well drained and limed, however, the 
destruction of the humus present will be very rapid and it will not be long 
before the use of farm manure, crop residues or green manure will bk necessary 
for good crop production.
The loess soils, and particularly the brown to dark brown medium sand on 
yellow or yellowish-brown sand, are quite deficient in humus, and while no 
special experiments were conducted with these types, on account of their minor 
importance in the county, there can be no doubt but that the use of humus­
forming materials and particularly manure would be of great value. The ter­
race soils are likewise quite generally low in humus and here too farm manure, 
crop residues and green manures should be quite generally used.
Farm manure is probably the most valuable fertilizing material for use on 
the upland soils in Bremer county. Altho no special experiments were 
carried out with their use, crop residues also constitute a very important 
means of keeping up the humus content of soils, and their use in Bremer 
county should be urged. Green manures are very valuable on these 
soils, especially as a substitute for farm manure. There is some question re­
garding the relative merits of these humus-forming materials, but while the 
effects of one may be slightly greater under some conditions and another prove 
somewhat better under different conditions, it is certain that one of them, or
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perhaps a combination of two, should be used on practically all soils, more or 
less heavily, and frequently, as the soil seems to demand.
Farm manure is a common farm product, except under grain farming con­
ditions, and hence with this exception its use should be considered of prime 
importance. On grain farms, where manure is not produced, crop residues 
serve much the same purpose. In so many cases, however, the manure produced 
and crop residues are so inadequate that some other material must be used, and 
then the turning under of leguminous green manure crops must be followed.
Green manuring has a place under practically all normal farming condi­
tions in addition to the use of farm manure and crop residues. No other method 
of maintaining the nitrogen content of the soil is so cheap and so efficient. 
Manure and crop residues merely return to the soil a portion of the nitrogen 
and other elements taken from the soil. Leguminous green manures, when  
well inoculated, not only do that, but they also increase the nitrogen supply 
because of their ability to extract the nitrogen from the atmosphere and store 
it in the soil.' This value of legumes is in addition to their humus forming 
capacity, for they are almost as useful as farm manures and quite as good as 
crop residues from that standpoint. Farm manures have the advantage, of 
course, of introducing large numbers of bacteria which increase the production 
of available plant food. It is, therefore, good practice to apply at least small 
amounts of farm manure along with crop residues and green manure crops in 
order to help the decomposition of the green material in the soil.
All these humus forming materials have a tendency to make soils acid, and 
when they are used even more care and frequent tests are necessary to keep the 
lime content large enough.
The amounts and frequency of application: of green manures, crop residues 
and farm manure to the soils of Bremer county should not be definitely stated, 
even for individual soil types, because of variations within those types. But 
in a general way it may be said that the loess soils need especially heavy appli­
cations and that the terrace and drift soils should receive liberal amounts. In 
other words, if the soil is light, open and sandy, the applications should be 
greater and more frequent to keep the nitrogen and humus content satisfactory. 
With the heavier soils, however, and more especially those with heavier subsoils, 
the loss by leaching is not so great and the applications need not be so large 6r 
so frequent.
Crop residues are never sufficient to keep up the humus of soils and some 
other material must be used also. The ordinary application of 10 tons of 
manure once in a four year rotation is likewise haTdly sufficient. Calculations 
show that in the more or less distant future, other materials will be required. 
It is true also that few farms produce enough manure to permit of the applica­
tion of more than this amount. In fact in most cases much smaller quantities 
than this are used, or rather, the applications are made less frequently.
When the soil is so noticeably deficient in humus as is the case with the 
brown to dark brown medium sand on yellow or yellowish-brown sand, it would 
be advisable to introduce a full season’s crop of some legume as a green manure, 
apply a small amount of farm manure and fall plow in preparation for a corn 
or oats crop the succeeding year.
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Extremely large applications of manure at one time are inadvisable. It is 
better to make frequent applications than one very large addition. There is 
some danger in using very large amounts because of the interference with 
moisture conditions, and also because of the development of extreme acidity. 
The same is true of the use of green manures. Heavy green manure crops should 
not be turned under in the spring or summer in dry seasons because thy reduce 
the water supply of the subsequent crop. No such difficulty is met with, if the 
green manure crop is turned under in the fall.
In general it may be said that 'practically all the soils of Bremer county 
should receive as much manure as is available, the amount produced being 
uniformly distributed over the farm. Crop residues should be thoroly utilized, 
and in addition some• leguminous green manure crop should be used in the 
rotation. In this way, if the legume is thoroly inoculated, if no removal of 
crop residues is permitted, and if the farm manure is properly kept to prevent 
losses of valuable portions, it is possible to maintain the soil permanently sup­
plied with nitrogen and organic matter, and no artificial nitrogenous fertilizers 
need be employed.
THE USE OF COMMERCIAL FERTILIZERS
The analyses of the soils of Bremer county show no large amounts of phos­
phorus, altho there is considerable variation among the various soil types. It 
might seem, therefore, that the use of phosphorus fertilizers would be of value. 
The greenhouse experiments, however, show that the application of such mate­
rials at the present time cannot be considered profitable. In other words, altho 
the total amount of phosphorus present is not great, the production of available 
phosphorus is sufficiently rapid to keep the crops supplied for the present. 
Where the humus of the soil is weir maintained, bacterial action is sufficiently 
vigorous to bring about the change of insoluble phosphorus to an available 
form. This seems to be the condition of affairs in the soils of Bremer county, 
especially in the dark brown to black loam on yellow clay loam. It is pos­
sible that in the loess soils, where the phosphorus content is considerably 
smaller, the use of phosphorus fertilizers might be more valuable at present.
Phosphorus must be considered, however, as an element likely to become 
deficient in all these soils in the more or less distant future, and its use should 
be tested from time to time if the soils are to be kept fertile. Its place in the 
plan of permanent fertility is secure. It must be applied at some time and that 
time should not be too long delayed.
Two materials may be used to add phosphorus to the soil, acid phosphate 
and rock phosphate. The former is immediately available and the latter is 
slowly made so by the action of bacteria and molds. An abundance of humus in 
the soil is necessary for the decomposition of this insoluble material to proceed 
rapidly enough to keep the growing crop supplied with phosphorus.
While the experiments reported showed practically no effect of either 
material in the presence of manure on the one soil type studied, further tests at 
a later time may yield somewhat different results. More extensive field tests 
than have yet been possible are desirable and will be started as rapidly as funds 
will permit. Farmers, especially in Bremer county, are urged, however, to test
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the use of these materials on their own soils and this can be done with little 
difficulty and at small expense. Explicit directions for such tests have been 
given in a previous publication.* For the present, one material cannot be rec­
ommended over the other; both may have a place in permanent agriculture.
Earlier analyses of the soils of the entire state have shown potassium to be 
abundant in all the soils tested and hence analyses for this element were not 
made in Bremer county. Experiments with potassium fertilizers have shown no 
value from its use. Under proper methods of farming, potassium need not be 
applied to the soils of Brenter county for hundreds of years to come.
Clearly, complete commercial fertilizers can have no place in systems of 
permanent fertility in the soils of Bremer county. Potassium is not needed and 
will not be needed for many years, and nitrogen is much more cheaply and 
better supplied in leguminous green manure crops than in a commercial fer­
tilizer. Phosphorus, when it must be applied, should be added in the form of 
an incomplete fertilizer. Money spent for nitrogen and potassium on the soils 
of this county would be very largely wasted. Only for spring top dressings on 
certain crops should a potassic or a nitrogenous fertilizer be applied, and then a 
small amount of an incomplete material should be used. It is seldom, however, 
that the use of such substances eyen in this form is desirable or profitable.
ROTATION OF CROPS
While no specific experiments have been carried out in Bremer county to 
determine the value of the rotation of crops, tests of many other soils, not much 
different, show that a rotation of crops should always be followed on all soils, 
and that the rotation should contain a regular legume crop, and in some types 
of rotation, one or more legume l ‘ catch ’ ’ crops. It is not a paying proposition 
to grow one crop continuously on the same soil for then the soil is rapidly made 
infertile.
No particular rotation can be recommended as the “ best rotation,”  be­
cause of variation in the systems of farming, capital, size of farm and other 
factors. But the following rotations are suggested:
1. FOUR OR FIVE YEAR ROTATION
First year, corn (with cowpeas, rape or rye seeded in the standing 
com at the last cultivation.)
Second year, corn.
Third year, oats (with clover or with clover and timothy).
Fourth year, clover. (If timothy was seeded with the clover, the 
preceding year, the rotation may be extended to five years. The last 
crop will consist principally of tim’othy.)
2. FOUR YEAR ROTATION WITH ALFALFA
First year, corn.
Second year, oats.
Third year, clover.
Fourth year, wheat.
Fifth year, alfalfa. (This crop may remain on the land five years.
This field should then be used for the four year rotation outlined 
above.)
3. THREE YEAR ROTATION
First year, corn.
Second year, oats or wheat. (With clover seeded in the grain.)
Third year, clover. (Only the grain and clover seed should be sold; 
in grain farming, most of the crop residues, such as com stover and 
straw, should be plowed under. The clover may be clipped and left on 
the land to be returned to the soil.)
•Circular 15, Iowa Agr. Expt. Sta.
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In live-stock farming, the products grown in the rotation should, for the 
most part, be fed or used for bedding, and the manure carefully saved and 
used as a fertilizer.
“ Catch”  crops, such as cowpeas, soybeans, vetch and clover, seeded in 
standing corn are frequently unprofitable in Iowa because of the high cost of 
the seed and the failure of the crop to make a satisfactory growth. The non­
legumes, such as rye and rape usually do well when seeded in standing corn.
INDIVIDUAL SOIL TYPES IN BREMER COUNTY"
Drift Soils
Seven of the soil types found in Bremer county are classed as drift soils. 
These include the Carrington and the Miami series as described by the Bureau 
of Soils.
DARK BROWN TO BLACK LOAM ON YELLOW CLAY LOAM (1)
This soil is known by the Bureau of Soils as the Carrington loam and it 
occupies over 60 per cent of the area of the county. It is an upland soil and 
its continuity across the county is broken only by the valleys of the larger 
streams and by very small areas of other upland soils. In both structure and 
xexture it is unusually uniform, variations occurring only in those areas where 
erosion has taken place to some extent, in which case the soil is somewhat 
lighter in color and more sandy than the typical soil.
The surface soil of this type is a mellow loam of a high humus content 
which gives it the characteristic dark brown to black color. It varies in depth 
from 10 to 18 indies and rests on a brownish-yellow to light yellow sandy or 
silty clay loam.
The areas of this soil are gently undulating to rolling, there being a grad­
ual gradation from the more level areas between streams into the rolling topog­
raphy near the rivers. The entire type is naturally well drained and the soil 
contains such a large proportion of silt and sand that it never becomes sticky, 
even when very wet.
This dark brown to black loam is the best soil type in thé county for gen­
eral farming purposes, as well as being the most extensive in area. Its physical 
composition is exceptionally good and its content of plant food and organic 
matter is as great or greater than that of the other soil types in the county.
Although a rather fertile soil, this type must receive special treatments 
from time to time or it will become infertile. It has been shown in previous 
pages that applications of farm manure and green manure are especially valu­
able and sooner or later the use of phosphorus will be required.-.
BLACK HEAVY LOAM ON YELLOW CLAY LOAM (LEVEL) (2)
Differing only in drainage from the soil type just described, this black 
heavy loam is classed by the Bureau of Soils as a poorly drained phase of the 
Carrington loam. Its darker color, as indicated in its name, its heavier texture, 
and its poorer natural drainage are due to its more nearly level topography.
The accumulation of humus and the lack of washing which results from a 
level topography give this soil a greater depth of black surface soil and a
•The descriptions of individual soil types given in . the Bureau of Soils report on Bremer County, 
Iowa, have been rather closely followed in this section o f the report.
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heavier, more clayey texture. Indeed, in some places it approaches a clay 
loam. The subsoil under this type is very similar to that under the dark brown 
to black loam and consists of a yellow sandy or silty clay loam, often carrying 
some gravel and pebbles.
The black heavy loam is a rather rich soil, needing mainly to be thoroly 
drained. When this is accomplished it will prove quite as valuable corn land 
as the more common dark brown to black loam; it contains somewhat larger 
amounts of plant food and might prove even more fertile than this latter type. 
There is no need of this soil being restricted in use to pastures and the growth 
of hay—with proper drainage other crops can be grown with entire success.
DARK BROWN SANDY LOAM ON YELLOW SANDY LOAM (3)
The most extensive upland sandy soil in Bremer county is the dark brown 
sandy loam which is classed by the Bureau of Soils as Carrington sandy loam. 
It is rather uniform in texture to a depth of 15 to 18 inches, the sand content 
increasing slightly with the depth; the subsoil is a yellow, very sandy loam. 
Enough clay is usually present in the subsoil, however, to give it a sticky char­
acter, and frequently gravelly material is found in smiall amounts.
The topography of this soil type is undulating to rolling. The drainage is 
exceptionally good and, in some cases, even excessive. It is due to this com­
plete drainage and to the open well-aerated nature of the soil that there has 
been such a small accumulation of organic matter and that injury by drought 
frequently reduces crop yields to some extent.
This dark brown sandy loam is a poorer soil in total plant food than the 
more common dark brown to black loam on yellow clay loam and this accounts 
very largely for its lower productivity. Not only is its content of organic matter 
low which means a smiall amount of nitrogen, but the phosphorus content is 
likewise small. The limestone requirement is about the same as that of the 
heavier type. It has some advantages, however, in that it is warmer, works 
more easily and crops mature earlier.
Applications of organic matter and nitrogen in the form of farm manure, 
or as green manures, are partictdarly needed on this soil and phosphorus will 
also probably be of value in the early future.
LIGHT BROWN TO GRAY LOAM ON YELLOW SANDY CLAY LOAM (6)
The surface soil of this type, called Miami loam by the Bureau of Soils, 
extends about 8 to 10 inches in depth, quite appreciable amounts of sand oc­
curring in the loam. The subsoil is exceedingly variable, both in texture and 
color, but is typically a yellow or brownish-yellow sandy clay loam. Mottlings 
of red and gray frequently are found and yellow to reddish-yellow sand pockets 
are occasionally encountered.
The topography of this soil is rolling, and the drainage is good. This 
latter condition prevents accumulations of organic matter, but favors forest 
growth. Not more than half of the acreage of this soil is farmed, in general 
only the more nearly level areas being cleared.
This light brown to gray loam, like the dark brown sandy loam, is much 
poorer in plant food than the more common dark brown to black loam or 
yellow clay loam, and its crop producing power is therefore smaller. Further-
Fig. 6.—iS'urface, subsurface and subsoils of five of the individual soil 
types in Bremer county.
1. — Yellowish-gray fine sandy loam on yellow silt loam, or clay
loam.
2. — Dark brown to black loam on yellow clay loam.
i
3. — Light brown to gray loam on, yellow sandy clay loam.
4. — Brown sandy loam on yellowish-brown coarse sandy loam or
coarse sand (level).
5. — Black mucky silt loam on yellow and gray mottled sticky clay
(level).
■ C i
Fig. 7— Surface, subsurface and subsoils of five of the individual 
soil types in Bremer county. '
6. — Brown to darK brown sandy loam oh yellowish-brown loamy
sand or sandy clay (level).
7. — Brown to dark-brown medium sand on yellow or yellowish-
brown sand. (Not representative.)
cvm-v.«
8. — Light brown silt loam or fine sandy loam on yellow loam to
clay loam.
9. — Brown to dark brown fine sandy loam on yellowish-brown fine
sandy loam (level to rolling).
10.— Black heavy loam on yellow clay loam (level).
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more, it is more likely to bake during hot, dry weather and crops are apt to 
suffer from drought. Its content of organic matter and nitrogen is low, which 
accounts for its poor chemical and physical condition, and the phosphorus con­
tent is also low. The type is acid and the lime requirement is rather large. .
The needs of this soil include, therefore, the application of organic matter 
and nitrogen as farm manure or as green manure crops, and the application 
of limestone. Phosphorus will be necessary in the near future.
BROWN TO DARK BROWN FINE SANDY LOAM ON YELLOW SANDY LOAM (4) 
This fine sandy loam is classed as Carrington fine sandy loam by the Bureau 
of Soils. It is closely associated with the dark brown sandy loam on yellow 
sandy loam, which has been described. It occurs mainly on the uplands along 
the larger stream valleys, just as is the case with this other type. Besides the 
occurrence along the streams, this type is found in small mounds or ridges rising 
8 to 20 feet above the upland level, surrounded by the dark brown to black 
loam, the predominant soil type of the upland soils. In such cases, there is a 
somewhat larger percentage of fine sand in the soil than in the typical soil. 
The surface soil usually extends to a depth of 14 inches and the subsoil is typ­
ically a yellow to brownish-yellow fine sandy loam or sandy loam. Occasion­
ally layers of loose sandy material alternate with the more sticky sandy loam.
Although of undoubted glacial origin, this fine sandy loam bears evidence 
of the action of wind and water, concentrating in it the proportion of sand and 
fine sand. This soil is very similar in composition to the dark brown sandy 
loam. Like that type, it is low in humus and nitrogen and it is also low in 
phosphorus. Indeed, it is the lowest o f all the drift soils in this latter element.
The treatment needed by this soil is, therefore, very similar to that re­
quired by the brown sandy loam, namely, the application of organic matter and 
nitrogen as farm manure,, or as leguminous green manure crops, and at some 
time in the near future the application of phosphorus.
BLACK CLAY LOAM ON YELLOW TO DARK GRAY CLAY LOAM (LEVEL) (5) 
The surface soil of this black clay loam or Carrington clay loam extends to 
a depth of 8 to 12 inches. It is underlain by a yellow to drab or dark gray 
tenacious' clay loam. The surface soil is much lower in clay content than the 
subsoil and hence it is more friable. The soil type, however, is naturally poorly 
drained and its cultivation is difficult. When properly drained, the natural 
fertility of the soil makes it productive, and it has the advantage of being re­
tentive of moisture and not easily affected by drought.
This soil occurs only in small areas in Bremer county, usually occupying 
the poorly drained flats at the heads of the shallow drainage channels, and it is 
surrounded by the dark brown to black loam. Its deep black color is due to the 
poor drainage which has favored the accumulation of organic matter.
When properly drained, and this is the first treatment necessary for this 
soil, the black clay loam should prove quite productive. It is higher in organic 
matter content and in nitrogen and likewise has a greater phosphorus content 
than any of the other drift soils. While, therefore, it is not heavily stocked 
with the latter element, it will not need applications of phosphorus as soon as 
.the other soils described. It is acid and in need of lime.
40 SOIL SURVEY OF IOWA
Drainage and liming are the treatments to be recommended for this soil 
type to make it immediately productive. To keep it so the use of phosphorus 
and the application of manure and green manures will also be necessary.
LIGHT BROWN TO GRAY LOOSE SAND OR SANDY LOAM ON BROWN SANDY
LOAM (7)
This is one of the minor types in the county, occurring only in two small 
areas on the banks of the Wapsipinieon. It is a light brown to gray loose loamy 
sand to sandy loam, containing much fine sand and extending to a depth of 8 
inches. It is known as Miami sandy loam by the Bureau of Soils. The sub­
soil is a reddish-brown or yellowish brown sandy loam grading gradually into a 
sandy clay at about 30 inches. Pockets of sand and gravel are frequently 
found. In topography this soil is rolling and the drainage is so thoro that crops 
suffer in dry seasons.
No analyses were made of this soil, but it is evident from a preliminary 
examination that it is particularly in need of humus and nitrogen and farm 
manure or green manure crops should be employed. Phosphorus also should 
undoubtedly be applied, and the acidity of the soil should be neutralized with 
proper applications of limestone.
Loess Soils
There are four types of loess soils in Bremer county, two of these being of 
considerable importance, but the other two are of minor significance. The total 
area of loess soils amounts to only 2.6% of the area of the county.
YELLOWISH-BROWN SILT LOAM ON YELLOW SILT LOAM (11)
Two large areas of this soil type, known also as the Knox silt loam, are 
found in Bremer county. The surface soil extends to a depth of 12 to 15 inches, 
and is rather variable in texture. In the large area, the surface soil is a heavy 
loam, underlain by a silty clay loam. Bordering on this area and in the smaller 
areas, the surface is a light loam, and sometimes a very fine sandy loam. Vari­
ations in color likewise occur, from gray to yellowish-brown,- and even to a 
dark brown in some small'areas. The typical soil is low in humus and hence 
light in color, this characteristic being rather constant in the loess soils. The 
subsoil is also somewhat variable, usually being a yellow silt loam varying to 
a very fine sand.
Topographically, the yellow brown silt loam is gently undulating to roll­
ing. Drainage is well established. Erosion is particularly injurious to this type.
This soil is low in organic matter and in nitrogen and phosphorus, and it 
is acid. Its needs, therefore, are fairly well indicated by the analyses.. It must 
be limed when acid; then it must receive applications of farm manure, or green 
manure crops must be turned under to supply nitrogen and organic matter, and 
finally, phosphorus must be applied in the near future.
BROWN TO DARK BROWN MEDIUM SAND ON YELLOW OR YEL­
LOWISH-BROWN SAND (8)
This soil is a minor type in Bremer county, occurring in a few places along 
the rivers, particularly the Cedar, the Shell Rock and the Wapsipinieon. It is 
classed as Marshall sand by the Bureau of Soils. It has a rolling topography 
and in some areas occupies dune-shaped hills. The surface soil extends to a
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depth of 15 inches, and varies in color from a light brown or gray to a dark 
brown. Its subsoil is yellow or yellowish-brown sand of loose structure.
The drainage of the soil is excessive, owing to the open, porous nature of 
both the surface and subsoil. This accounts very largely for the deficiency of 
humus, and the low content of the various plant food constituents.
The need of this soil for treatment is great. It must receive abundant ap­
plications of organic matter and nitrogen. Heavy amounts of farm manure 
must be employed and green manure crops should frequently be turned under. 
Lime must be applied to neutralize the acidity, and phosphorus must be added.
DARK BROWN SILT LOAM ON BROWNISH-YELLOW SILT LOAM (9)
One area of this dark brown silt loam or Marshall silt loam was mapped in 
Bremer county. It occupies a ridge extending southeastward from Denver to 
Crain s Creek. The topography of wider portions is rolling, but in general it 
is a single long ridge, sloping on either side down to the level plain.
This soil is very uniform in texture, the only variation noted being the 
occasional occurrence of very fine sand in small areas. The subsoil differs from 
the surface only in humus content, which being smaller, gives the subsoil a 
lighter color. The drainage is good, which, with, the high organic matter con­
tent. makes the soil workable under a wide range of moisture conditions.
In organic matter and nitrogen this soil does not compare unfavorably with 
the drift soils, being much higher than the other loess areas. Its phosphorus 
content likewise is not so low, as is the case in the other soils in this group. 
Tht; amounts of all these constituents are not large, however, and the need of 
manures to supply nitrogen and organic matter, of lime to neutralize acidity, 
and of phosphorus is clearly shown by the results of the analyses. With such 
treatment, the soil may be made very profitably productive.
YELLOWISH-GRAY FINE SANDY LOAM ON YELLOW SILT LOAM, LOAM OR
CLAY LOAM (10)
This very minor soil type is found only in very small areas in association 
with the yellowish-brown silt loam on yellow silt loam. It is known as Knox 
fine sandy loam by the Bureau of Soils. The surface soil to a depth of 15 inches 
varies from a yellowish-gray fine sandy loam to a very fine sandy loam, resting 
on a yellow silt loam, loam or clay loam. It is rolling in topography and pos­
sesses good drainage. It is low in organic matter and nitrogen and also in 
phosphorus, just as the yellowish-brown silt loam. It is also acid.
The needs of this soil are, therefore, 'very similar to those of the other loess 
soils. Manure, either farm manure or green manure, is the first requisite to 
supply organic matter and nitrogen, then lime is necessary, and finally phos­
phorus must be applied to supply the deficiency in that element.
. Terrace Soils
There are five terrace soils in Bremer county, together making up 10.2% of 
the total area of the county. Two of these soils are of considerable importance 
covering rather extensive areas, but the other three are minor soil types.
BLACK LOAM ON DARK BROWN CLAY OR SANDY CLAY (LEVEL TO GENTLY
ROLLING) (12)
This soil is typically a black friable loam, extending from 14 to 20 inches in 
. depth. It is classed as Bremer loam by the Bureau of Soils. There are some
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variations in it, however, the amounts of fine and medium sand being locally 
quite large and the type in general gradually merging into the lighter sandy ter­
race soils. The subsoil is a tenacious or sandy clay usually chocolate-brown in 
color. It is found on the stream terraces and is in large part above the reach of 
the flood waters of the present streams. Thus, along the Cedar, the Shell Rock 
and the Wapsipinicon rivers, and also along some of the smaller streams, this 
black loam occupies the terraces, merging into the upland soils so gradually 
that the lines of demarcation are very indistinct.*
The topography is level to very gently undulating, and the drainage in 
most cases is good. There is a poorly drained phase of this soil along the Wap­
sipinicon river, and another occurs on a terrace of the Cedar river. This phase 
varies only from the main soil type in being somewhat higher in organic matter 
and due to its poor drainage, rather sticky in character. This phase of the black 
loam soil is, of course, mainly in need of drainage.
This black loam soil is high in organic matter and nitrogen, showing as 
high a content in these constituents as the richest drift soil. Its phosphorus 
content is not high, but it is much higher than that of the loess soils, and hence 
its immediate need of this element is not so great. The soil is acid and in need 
of lime, and this treatment, together with adequate drainage when necessary 
should insure satisfactory crop production. For permanent fertility, the use 
of manures, leguminous green manures and phosphorus must be resorted to.
BROWN SANDY LOAM ON YELLOWISH-BROWN SANDY LOAM (14)
The second most extensive terrace soil in Bremer county is the brown sandy 
loam, underlain by a yellowish-brown sandy loam to loamy sand which usually 
grades into a bed of stratified sand or gravel at a depth of 3 to 4 feet. The 
soil is known as the Sioux sandy loam by the Bureau of Soils. In topography 
it is level to gently undulating, and the drainage is good. In some cases, in 
fact, the drainage appears to be somewhat excessive, the organic matter and 
plant food disappearing too rapidly. This type occurs on the terraces of the 
various rivers and is usually found associated with the black loam just de­
scribed into which it gradually merges.
In plant food, this brown sandy loam is much less well supplied than the 
black loam on dark brown clay or sandy clay. It contains, however, about the 
average amounts of organic matter and nitrogen found in the drift soils. Its 
phosphorus content, likewise, is not unusually low, but practically the same 
as that in the drift soils. This soil is acid and needs lime. After that is applied, 
farm manure or green manure crops should be introduced and finally phos­
phorus must be used, altho it is probably unnecessary at the present time.
BROWN SANDY LOAM ON YELLOWISH-BROWN COARSE SANDY LOAM OR
COARSE SAND (LEVEL) (13)
This soil to a depth of 15 inches is a brown sandy loam containing consid­
erable coarse sand and some gravel. It is classed as Sioux coarse sandy loam 
by the Bureau of Soils. The subsoil is a yellowish-brown coarse sandy loam on 
coarse sand carrying some gravel and grading into a bed of yellow sand or 
gravel at about 36 inches. Like the other terrace soils described, this type is 
developed principally on the terraces of the Shell Rock and Cedar rivers. Its
Fig. 8— Surface, subsurface and subsoils of five of the individual soil 
types of Bremer county.
11. — Yellowish-brown silt loam on yellow silt loam.
12. — Dark brown silt loam on brownish-yellow silt loam.
-
13. — Brown to dark brown medium sand on yellow or yellowish-
brown sand.
14. — Dark brown sandy loam on yellow sandy loam.
15. — Black loam on dark brown clay or sandy clay (level to gently
rolling).
Fig. 9— Surface, subsurface and subsoils of five of the individual soil 
types of Bremer county.
16. — Black loam or sandy loam on sand or gravel (level).
17. — Brown to dark brown fine sandy loam on yellow sandy loam.
18. — Light brown to gray loose sand or sandy loam on brown
sandy loam.
19. — Black or dark brown loam on brown clay loam (level).
20. — Brown sandy loam on yellowish-brown sandy loam.
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topography is level, altho occasionally low ridges are developed. Drainage* 
however, is excessive and dry seasons are especially injurious to crops.
The organic matter content of this coarse sandy loam is rather low, much 
lower in fact than the other terrace soils. This is true also of the nitrogen. 
The phosphorus content and the lime requirement are both very much the same 
as in the other terrace soils.
This soil is particularly in need of lime and organic matter, not only to 
remedy acid conditions and add plant food, but to improve the physical char­
acter of the soil and make it less open and porous and less easily injured by 
drought and depleted by leaching.
Nitrogen may be supplied in leguminous green manures but sooner or later 
phosphorus must be added in the form of a phosphorus fertilizer. With proper 
treatment, this soil may be made quite satisfactorily productive.
BROWN TO DARK BROWN FINE SANDY LOAM ON YELLOWISH-BROWN FINE 
•SANDY LOAM (LEVEL TO ROLLING) (15)
This soil, known also as the Bremer fine sandy loam by the Bureau of Soils, 
is closely associated with the previously described terrace soils occupying the 
terraces along the same rivers and grading so gradually into the other types 
that sharp division lines are impossible. The surface soil extends to a depth of 
.15 inches and rests on a yellowish-brown fine sandy loam to loamy fine sand. 
Like most alluvial soils, it is variable in texture and occasionally the soil is 
black and mucky and heavier in texture than the typical soil. Frequently 
rather large quantities of very fine sand are found. Thé type nearly always 
rests on a bed of sand or gravel at a depth of 3 to 10 feet.
The topography of the soil is level to undulating, in some places the drain­
age being quite satisfactory while in others the soil is badly in need o£ drainage.
The typical soil is not rich in organic matter nor in plant food, showing, 
however, a good average compared with the drift soils. It is, acid.
The soil needs first, drainage wherever it is not adequate, then liming, then 
the application of manure, and after such treatment, the crop production should 
be quite satisfactory. Eventually phosphorus will be required on this soil.
BROWN TO LIGHT BROWN LOAM ON MOTTLED GRAY AND LIGHT BROWN
SANDY LOAM (16)
This type, known as the Plainfield loam by the Bureau of Soils, is not 
common in Bremer county. With one exception it is confined to the terraces of 
the Wapsipinicon and East Fork Wapsipinicon rivers. The surface Soil, to a 
depth of 8 to 10 inches, is typically a brown to light-brown loam, but occa­
sionally the amounts of sand and fine sand are rather high. The areas of these 
sandy modifications of this soil, are, however, too small to be mapped. The sub­
soil is a mottled-gray and light reddish-brown or yellowish brown sandy loam 
containing appreciable amounts of sand and gravel. The topography is gently 
rolling and the drainage is usually good, frequently, in fact, being excessive.
This soil was not analyzed, but it is evident from a cursory examination of 
it that its main need at the present time is organic matter to put it in a better 
physical condition. It is undoubtedly acid in many cases at least, and lime
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should be applied. This will not only remedy the acid condition hut help the 
physical character of the soil. With these treatments the immediate needs of 
the soil will be supplied, phosphorus fertilizers being necessary eventually to 
keep crops supplied with that element.
Swamp and Bottom Land Soils
Five soils are included in the class of swamp and bottomland soils and their 
total acreage amounts to 15.3% of the total area of the county. Two of the 
soils are quite important and cover rather extensive areas, but the others are 
very minor types. The peat or muck which is included in this group of soils 
is present in Bremer county, only in very small areas, generally too small to map.
BLACK LOAM OR SANDY LOAM ON SAND' OR GRAVEL (LEVEL) (20)
This soil is found in the low-lying areas in the valleys of the larger streams 
where the overflow of the rivers or swampy depressions prevent the cultivation 
of the area. It is classed as Meadow by the Bureau of Soils. -The greater part 
of this type is a black loam or sandy loam but the texture is exceedingly vari­
able, grading all the way from gravel to clay loam. The underlying sand or 
gravel is usually found at depths varying from 10 to 36 inches.
There are two more or less distinct phases of this soil in Bremer county. 
The more typical soil is fairly well drained and affords excellent pasturage. It 
is now quite generally wooded. The second phase which occurs entirely along 
the Wapsipinicon river is poorly drained and overgrown with water-loving 
grasses and sedges. '
In composition this typical black loam is fairly well supplied with plant 
food, tho the necessary elements are not abundant. The organic matter and 
nitrogen content is not any greater than that of the drift and terrace soils, but 
the phosphorus content is slightly greater than the average content of the drift 
and terrace areas. It is acid, just as are the soils in the other groups mentioned.
BLACK MUCKY SILT LOAM ON YELLOW AND GRAY MOTTLED STICKY CLAY
(LEVEL) (17)
This soil is widely distributed through the county, occupying the flatter 
drainage channels in the dark brown to black loam on yellow clay loam, the 
chief drift soil. It is classed as Fargo loam by the Bureau of Soils. The sur­
face soil to a depth of 10 to 16 inches is a black friable, mucky silt loam and 
the underlying soil is an exceedingly sticky clay. The drainage of the soil is, 
of course, poor and the organic matter content is high. In some areas the drain­
age is better and in such cases the soil loses its mucky character and the subsoil 
is brown to drab in color. In composition this soil shows a high content of 
organic matter and nitrogen, but the phosphorus content is not usually high. 
The sample tested was not acid. It is highly probable, however, that other 
samples would show acidity and evidently the soil has no abundance of lime.
The treatment of this soil to make it productive includes first, proper 
drainage. For permanent fertility, lime would undoubtedly be necessary and 
the application of farm manure and green manure should be made. Eventually 
also phosphorus should be applied.
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BLACK OR DARK BROWN LOAM ON BROWN CLAY LOAM (LEVEL) (18)
This soil, known also as the Cass loam by the Bureau of Soils, is found 
in the valley of the Wapsipinicon and on the flood plains of some of the smaller
streams. The topog­
raphy is level and the 
drainage is generally 
poor. There are some 
variations in this soil 
type, altho it is quite 
generally true to type. 
Sometimes the surface 
soil approaches a heavy 
silty loam, sometimes a 
sandy loam or a fine 
sandy loam. The sub­
soil also varies to some 
extent; small areas oc­
curring where the sur­
face soil instead of be­
ing underlain by a 
brown to yellowish- 
brown clay loam rests 
on sand. Frequently 
sand or gravel is found 
within 3 feet of the sur­
face in this particular 
soil area.
In plant food, this 
soil is fairly rich. Its 
organic matter and ni­
trogen content is about 
the same as in the black 
mucky silt loam, pre­
viously described, but
phosphorus content is higher. It is, however, distinctly acid.
The first treatment needed for this soil is drainage, as it is usually poorly 
drained; then lime should be applied and with these treatments, good crop 
production should be secured. For permanent fertility, of course, it would be 
necessary to supply organic matter and nitrogen in the usual way and phos­
phorus also must be added in the more or less distant future.
Fig. 10— Surface, subsurface and subsoils of two of the 
individual soil types of Bremer county.
21. — Black clay loam on yellow to dark gray clay
loam (level).
22. — Peat or muck.
its
BROWN TO DARK BROWN SANDY LOAM ON YELLOWISH-BROWN LOAMY 
SAND OR SANDY CLAY (LEVEL) (19)
This sandy loam, or Cass sandy loam as it is known by the Bureau of Soils, 
is of minor importance in Bremer county, and is very variable. The surface 
soil is typically a brown to dark brown sandy loam, grading into a yellowish- 
brown loamy sand, sandy loam, or sandy clay. Sometimes beds of sand or 
gravel are found at 3-foot depths, although usually they are encountered deeper
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than this. This type is usually associated with the black or dark brown loam 
just described in the river valleys. In topography it is level, but the drainage 
is usually good. Often low ridges or mounds of brown sand mark this type. 
These areas are too small to be represented on the map.
The light texture of the soil and the fact that altho level it is fairly well 
drained, makes its composition somewhat different from that of the other 
swamp and bottomland soils. In humus and nitrogen it is about the same as 
the drift soils and very much lower than the other bottomland soils. Similarly 
with the phosphorus, the content is very much lower than the other soils in this 
group and about the same as that of the drift soils.
The treatment necessary to make this soil productive includes, therefore, 
drainage in some cases, then the use of lime in the proper amounts and finally 
the application of organic matter and nitrogen as farm manure or green ma­
nures. Phosphorus must be added in the more or less distant future.
Peat or Muck (21)
Only three small areas of this material are mapped in Bremer county, but 
there are several small areas which are too small to be shown. The entire 
acreage in the county, however, is extremely small. This material is composed 
mainly of partially decomposed vegetable matter accumulated in poorly drained 
areas. It is black or dark brown in color and. texture, loose and friable when 
dry but spongy when wet. Small amounts of mineral matter are always pres­
ent, mainly silt and clay washed in from the surrounding soil. The subsoil is 
usually a clay loam or a clay, but occasionally pockets of sand are found.
The drainage of these areas is the first essential for cultivation and when 
this is accomplished, the soil may gradually be brought under cultivation. 
Methods of treatment required and experiments showing the best treatment for 
peat soils are given in Bulletin No. 157 of this station.
Residual Soils
There is one small area of a residual soil in Bremer county. It covers only 
256 acres or about 0.1% of the area of the county and hence is a comparatively 
unimportant type.
LIGHT BROWN SILT LOAM OR FINE SANDY LOAM ON YELLOW LOAM TO
CLAY LOAM (22)
This soil is a residual limestone soil occurring in a small area in the south- 
central part of the county, and known as Crawford silt loam by the Bureau of 
Soils. Other areas are found but they are too small to be mapped. The surface 
soil extends to a depth of 12 inches and rests on a yellow granular loam to clay 
loam. Frequently some gravel is encountered and at depths of 2 to 5 feet lime­
stone is sometimes found.
In composition this soil seems to be poor in organic matter and nitrogen 
and also in phosphorus. The sample tested also showed a deficiency in lime. 
Evidently the lime content of the soil is very irregularly distributed and while 
there are undoubtedly small occurrences of this material, it is apparent that 
the major portion of it has been leached out and much of the soil is in need of 
lime to remedy acidity..
This soil is wooded and used only for pasture.
